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Chapter 1
General introduction
98
General
introduction
In the evolution of humans the size of the neurocranium has increased in time. The widened 
skull base and increased inter condylar distance has caused broadening and thereby relative 
shortening of the dental arch. The transition from course rough food towards a more refined 
diet has probably contributed to a decrease in approximal attrition resulting in a reduction of 
mesial migration of teeth 1. It is hypothesized that, due to the shortening of the dental arches 
and the decrease of mesial migration of teeth, sufficient space for the complete dentition is 
no longer present. Obviously, the last tooth to erupt in the dental arch, the third molar (or 
wisdom teeth), increasingly fails to erupt normally into its functional position. Therefore, the 
third molar often becomes impacted.  
A third molar has been acknowledged as a vestigial organ, which has lost most of its 
ancestral function but nevertheless has been retained through evolution. Genetic and 
environmental changes are thought to have caused suppression, or agenesis, of the third 
molar calcification 2. Recent studies have isolated a number of possible gene mutations 
responsible for agenesis 3. It is hypothesized that, due to natural positive selection, the 
evolved human will eventually end up with absence of the third molars. At this moment the 
worldwide rate of agenesis of third molars is reported to be 22% 2 and the prevalence of third 
molar impaction is reported to be 24,4% 33. The removal of impacted third molars will, 
therefore, remain a commonly performed procedure for many years to come. It is expected 
that ten million third molars are removed from approximately 5 million people in the United 
States each year 4.  Studies reporting quantitative data regarding the removal of third molars 
are very rare. In a Danish study, the overall incidence of annually removed mandibular third 
molars was calculated to be 663 per 100 000 persons 5. Extrapolating the data from the USA 
and Denmark, roughly 200 000 mandibular and maxillary third molars are expected to be 
removed in the Netherlands each year. 
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INDICATION FOR REMOVAL OR RETENTION  
OF IMPACTED THIRD MOLARS
Various pathology has been associated with impacted third molars, such as pericoronitis, 
caries, periodontal disease, damage to the adjacent tooth and the development of cysts and 
tumors. This pathology may cause symptoms such as pain, swelling and trismus and has a 
significant negative impact on the quality of life of these patients 6. There is a general 
agreement that a third molar should be removed if pathology or symptoms are present. In 
case of an asymptomatic disease-free third molar, however, there is a controversy regarding 
the appropriate strategy. 
Reasons to remove asymptomatic third molars 
Many dentists and oral maxillofacial surgeons (OMFs) share the opinion that prophylactic 
removal of asymptomatic third molars is justified in order to prevent future problems and 
complications associated with these teeth. It is also well documented that removal of third 
molars at an older age is associated with more severe complications 7. The fragility of the 
elderly and the higher risk of being medically compromised do not favor the removal in older 
patients. Furthermore, as an impacted third molar is not functional in the mouth, the risk of 
damage to the second molar, due to caries, periodontal bone defects and external root 
resorption is increased 8-9. Serious pathology such as tumors and cyst are also associated with 
impacted third molars. Therefore, if the decision is made to retain an asymptomatic third molar, 
monitoring of the tooth and adjacent structures is necessary. It is argued that the costs of 
lifetime monitoring and radiographic surveillance of a third molar might increase the financial 
burden to the patient compared to its prophylactic removal 10. Another reason given for the 
removal of asymptomatic third molars may be to prevent crowding of the incisors in the future11. 
Reasons not to remove (retention of ) asymptomatic third molars
The incidence of severe pathological changes related to impacted third molars, such as tumors 
and cyst, is reported to be less than 2% 12. This low frequency has been used to promote a more 
cautious approach regarding prophylactic removal of asymptomatic teeth11. The financial costs of 
surgical removal of third molars are significant 4-11 and the removal is also associated with 
complications. An impacted third molar that may remain disease-free, indefinitely produces, 
1110
when removed prophylactically, an unnecessary burden on the patient and healthcare resources. 
Among professionals a large variation in their management of asymptomatic impacted 
mandibular third molars is observed 13. Both economic and personal costs are associated 
with the removal of asymptomatic wisdom teeth. Prudent decision-making, with adherence 
to specified indicators for removal, may reduce the number of surgical procedures and 
associated complications. However, the decision-making process, regarding retention 
versus prophylactic removal of asymptomatic impacted third molars, should be based on 
the best available evidence. 
COMPLICATIONS ASSOCIATED WITH THIRD MOLAR REMOVAL
Several complications have been associated with the removal of third molars. Unexpected 
hemorrhage, damage to the adjacent tooth, oro-antral fistula’s, damage to the lingual nerve 
and jaw fracture are reported, however, with a low incidence of <1%. On the other hand, 
inflammatory complications such as alveolar osteitis, wound infections and damage to the 
inferior alveolar nerve are more frequent complications following third molar removal. 
Inferior alveolar nerve injury
One of the most distressing complications following mandibular third molar removal is 
damage to the inferior alveolar nerve (IAN) with subsequent neurosensory impairments in 
the lower lip and chin. IAN injury has a significant negative impact on the quality of life 14-15. 
The reported risk of temporary IAN injury associated with third molar removal ranges from 
0.26% to 8.4%. The rate of permanent IAN injury, in which the sensory impairment lasts 
longer than 6 months, is reported to be between 0.1 and 0.9% 16-19. The most evident risk 
factor for IAN injury is the proximity of the root of the third molar with the mandibular 
canal (MC) 19. In case of an intimate relationship of the third molar roots and the MC, the 
IAN may get injured during third molar removal, directly by surgical instruments, or 
indirectly by the manipulation of the IAN during unfavourable movements of the third 
molar roots. This risk can be reduced by preoperative radiographic assessment of the 
anatomical relationship of the third molar root and the MC. This information should help 
surgeons to determine the risk of postoperative sensory impairment and to modify the 
operative technique in order to minimize the risk of IAN injury. 
The panoramic radiograph, which provides a 2-dimensional image, is the standard diagnostic 
tool for the evaluation of impacted third molars, which meets many of the demands on the 
1312
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radiological examination of lower third molars. However, if a close relationship is observed on 
a panoramic radiograph between the roots of the third molar and the MC, diagnostic 
information in a buccolingual view (cross section) is lacking. 
In the new millennium, Cone Beam Computed Tomography (CBCT) was introduced in oral 
and maxillofacial surgery. The great advantages of CBCT systems, compared to medical CT, 
are the lower radiation dose, higher spatial resolution 20 and the lower costs. CBCT scanners 
are based on volumetric tomography. An x-ray source and a reciprocating area detector 
synchronously move around the patient’s head. Software programs are applied to the image 
data to generate a 3D volumetric data set that can be used to provide reconstruction images 
in an axial, sagittal and coronal direction. This enlarges the possibilities to assess the exact 
relationship of the MC and the third molar root. Logically, the idea was born that this new 
imaging modality would be able to decrease the overall incidence of IAN injury and, thereby, 
improve the quality of life for many patients. The use of CBCT for this purpose increased 
rapidly in the past decade 5,21. There are also some concerns about this evolution 22, since 
CBCT bears the disadvantage of higher costs 23 and higher radiation exposure compared to 
the panoramic radiograph. 
The use of this new radiological investigation method, as well as any other diagnostic test, should 
be based on principal understanding of the usefulness of each test. To establish such principle, 
evidence-based information on diagnostic properties, as well as how the test outcome will affect 
the clinical outcome, is needed. The evidence regarding the usefulness of CBCT for impacted 
teeth is very limited 24. Therefore, research is needed to weigh up the potential benefits of using 
CBCT against the risk of extra radiation exposure and the higher costs.
Inflammatory complications
Surgical removal of third molars is often accompanied by pain, swelling, trismus, and general 
oral dysfunction. In normal healing, most pain and swelling reduces within 2 or 3 days. 
However, postoperative healing may get compromised resulting in a delayed wound healing, 
which is primary related to alveolar osteitis or wound infection at surgical sites 25. These 
complications are accompanied by painful symptoms and a significant impact on the quality 
of life, resulting in loss of patient’s productivity and working day’s 26. 
The most common complication following mandibular third molar removal is alveolar 
osteitis. To date, no consensus is present regarding diagnostic criteria and terminology for 
alveolar osteitis in literature, which explains the great variability in the reported incidences 
(1-37%) following third molar removal 27-29. Alveolar osteitis predominately occurs after 
removal of specifically mandibular third molars. Traditionally, the condition was defined as an 
empty tooth socket with exposed bone, accompanied with a continuous severe irradiating 
1312
pain 30. Most recent studies 28-31-32, however, use the definition of alveolar osteitis according to 
Blum 27: postoperative pain ‘in and around’ the extraction site, which increase in severity at 
any time between 1 and 3 days after extraction, accompanied by a partially or totally 
disintegrated blood clot within the alveolar socket ‘with or without’ halitosis. Using this 
criterion, the incidence of alveolar osteitis following third molar removal is reported to be 
between 25%-30% 27 .
Of patients with alveolar osteitis 45 percent requires multiple postoperative visits, which is 
not only an inconvenience for the patients, but also a burden from financial perspectives 28. 
Since third molars are removed on a large scale, there is a great interest to find measures to 
reduce the risks of these complications.  
OBJECTIVES OF THIS THESIS
The main objective of this thesis is to reduce the overall morbidity associated with the 
removal of impacted third molars and thereby to improve patients’ quality of life. To reach 
this goal, this thesis focuses on evaluating the indication for removal of impacted third 
molars on the one hand and to investigate measures in order to reduce the most common 
complications following third molar on the other hand. 
Each individual patient is unique, with its own perspectives, values and attitudes. In our 
vision, patients should participate in the decision-making process regarding the indication, 
prevention, diagnostics and treatment of their impacted third molars. To reach this goal, 
individual patients and their health care providers need the best available evidence to 
perform an appropriate risk-benefit analysis in the management of impacted third molars, 
also known as shared decision-making. 
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This thesis is divided into four sections, addressing the following research questions:
SECTION 1 Indication 
1 What is the evidence base for removal or retention of asymptomatic 
 impacted third molars?  Chapter 2 & 3
SECTION 2  Diagnostics
2 Is CBCT an accurate and reliable imaging modality in the assessment of
 impacted mandibular third molars compared to panoramic radiography?  Chapter 4
3 Does a CBCT influence the risk assessment for IAN injury and the surgical
 plan compared to panoramic radiography?  Chapter 5
SECTION 3  Prevention of complications
4 Can a CBCT reduce the incidence of IAN injury and other
 complications following third molar removal?  Chapter 6
5 Can preventive irrigation of the surgical site with water using
 a Monoject® syringe reduce the incidence of inflammatory complications
 following mandibular third molar removal?  Chapter 7
SECTION 4 Risk profile
6 Which patients are at risk for inferior alveolar nerve injury
 following removal of third molars?  Chapter 6
7 Which patients are at risk for inflammatory complications
 following removal of mandibular third molars? Chapter 7
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Thesis outline
In 2002, my co-promotor Dr. Th. Mettes initiated a Cochrane Review Group to obtain the 
best available evidence regarding the indications for removal of asymptomatic impacted third 
molars. Searching for additional expertise in the field of Oral & Maxillofacial Surgery I was 
asked to join the Cochrane Review Group in 2010. In 2012, an update of the review was 
published that only included randomized controlled trials (RCT’s) according to the guidelines 
of the Cochrane Oral Health Group. (chapter 2)
Unfortunately, only one RCT was identified that compared removal of the impacted wisdom 
teeth with retention. In this study only the effect on late incisor crowding was examined. It was 
questioned if important studies might have been missed by only including randomized trials. 
Since confounding factors are minimized a RCT is the best design to investigate the effect of an 
intervention. A well-performed longitudinal study, however, might have a more suitable design 
to evaluate the course of a retained third molar during lifetime. These non-randomized trials, 
however, are likely to be at a higher risk of bias compared to randomized trials. In 2014, the 
Cochrane Collaboration launched a new tool, which allowed assessing the risk of bias for non-
randomized studies in a more systematic way. After several requests, permission was granted 
by the Cochrane Oral Health Group Editors to include also non-randomized trials for long-term 
outcomes in the review. This gave the opportunity to review a broad range of studies in order to 
find the best available evidence for this important research question for current decision 
making in clinical practice. The review is presented in chapter 3.
In the Netherlands, the first CBCT scanner with a vertical scanning position (i-CATTM 3D 
imaging system, Imaging Sciences, International Inc., Hatfield, USA) was placed at the 
Radboud University Nijmegen (August 2006). To introduce this system in the pre-surgical 
workup of third molars the first step was to establish the diagnostic accuracy of this new 
imaging modality. In a prospective study the accuracy and reliability of the CBCT in the 
assessment of the position of the mandibular canal and its relation with the third molar 
was investigated. (chapter 4)
Once the use of CBCT was validated in the assessment of mandibular third molars and their 
relationship with the mandibular canal, its potential clinical implications needed be 
evaluated. In chapter 5, the role of CBCT in the risk assessment for IAN injury and the 
consequences for the surgical planning are discussed.
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To evaluate the effectiveness of CBCT, logically, the question was raised if the additional 
information, which is provided by the CBCT, actually decreases complications following 
removal of the mandibular third molars, including the incidence of IAN injury. To provide the 
best level of evidence randomized clinical trials were needed. At the beginning, ethical 
concerns regarding such a study design were considered, since it was assumed that the CBCT 
images would result in improved surgical planning, thereby reducing the risk for IAN injury 
(chapter 5).  However, both nationally and internationally, the view on this point differed. Since 
the use of CBCT prior to third molar removal is associated with extra costs and radiation 
exposure, this issue was discussed with the Medical Ethical Committee Arnhem-Nijmegen. 
After approval, a multicenter randomized trial was started which was supported by a BOOA 
encouragement grant of the Dutch Association of the Oral and Maxillofacial Surgery 
(NVMKA). 
First, a website was designed to allow online randomization and data entry, thereby 
enlarging the possibilities to obtain a wide range of patients characteristics prospectively 
and, as such, reducing the risk of performance, selection and attrition bias. This large study 
was designed to answer the multiple aims of this thesis.
The randomized trial, in which the effectiveness of CBCT compared to panoramic 
radiography prior to third molar removal was evaluated, is presented in chapter 6. In this 
chapter predictive variables for IAN injury and their impact on the quality of life are 
identified.
The second randomized trial, in which the effectiveness of preventive irrigation of the 
surgical site with water using a Monoject® syringe was tested, is presented in chapter 7. 
In addition, risk factors for inflammatory complications following third molar removal, the 
impact on quality of life and the number of missed days of work, or study, are discussed in 
this chapter.  The discussion of the aims of this thesis, conclusions and future perspectives 
are appraised in chapter 8.
Finally, the possible implications of this thesis for clinical practice are presented in chapter 9 and 
added poster.
1716
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ABSTRACT
Background: 
the prophylactic removal of asymptomatic impacted wisdom teeth is defined as the 
(surgical) removal of wisdom teeth in the absence of local disease. Impacted wisdom teeth 
may be associated with pathological changes, such as inflammation of the gums around the 
tooth, root resorption, gum and alveolar bone disease, damage to the adjacent teeth and the 
development of cysts and tumors. Other reasons to justify prophylactic removal have been to 
prevent late incisor crowding. When surgical removal is carried out in older patients, 
following the development of symptoms, the risk of postoperative complications, pain and 
discomfort increases. Nevertheless, in most developed countries prophylactic removal of 
trouble-free wisdom teeth, either impacted or fully erupted, has long been considered as 
‘appropriate care’ and is a very common procedure. There is a need to determine whether 
there is evidence to support this practice. 
Objectives:
To evaluate the effects of prophylactic removal of asymptomatic impacted wisdom teeth in 
adolescents and adults compared with the retention (conservative management) of these 
wisdom teeth. 
Search methods:
The following electronic databases were searched: the Cochrane Oral Health Group’s Trials 
Register (to 30 March 2012), the Cochrane Central Register of Controlled Trials (CENTRAL) 
(The Cochrane Library 2012, Issue 1), MEDLINE via OVID (1950 to 30 March 2012), and 
EMBASE via OVID (1980 to 30 March 2012). There were no restrictions on language or date 
of publication. Selection criteria: All randomized controlled trials (RCTs) on adolescents and 
adults comparing the effect of prophylactic removal of asymptomatic impacted wisdom 
teeth with no-treatment (retention). 
Data collection and analysis:
Six review authors screened the results of the search and assessed whether trials met the 
inclusion criteria for the review. Data extraction and risk of bias assessment were conducted 
in duplicate and independently by six review authors. Where information was unclear, 
authors of studies were contacted for additional information. 
2322
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SUMMARY OF FINDING TABLE
Extraction compared to retention (presence) for asymptomatic impacted wisdom teeth
Patient or population: asymptomatic impacted wisdom teeth in adolescents or adults
Settings: general dental practice
Intervention: extraction 
Comparison: retention 
Outcomes   Illustrative comparative  Relative  No of   Quality of   Comments
     risks* (95% ci)    effect  participants  the evidence
               (studies)  (grade)
     Assumed Corresponding (95% ci)  
     risk   risk
     Retention Extraction
     (presence) (absence)  
Quality of life  Risk in population **      No rcts1
after at least
5 years follow-up   
*  The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding 
risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 
intervention (and its 95% CI).
** Incomplete information on the risk of adverse outcomes following retention of impacted wisdom teeth
Main results:
No RCTs were identified that compared the removal of asymptomatic wisdom teeth with 
retention and reported quality of life. One RCT on adolescents was identified that compared 
the removal of impacted mandibular wisdom teeth with retention and only examined the 
effect on late lower incisor crowding. This study at high risk of bias provided no evidence that 
extraction of wisdom teeth had an effect on lower incisor crowding over 5 years. 
Authors’ conclusions:
Insufficient evidence was found to support or refute routine prophylactic removal of 
asymptomatic impacted wisdom teeth in adults. A single trial comparing removal versus 
retention found no evidence of a difference on late lower incisor crowding at 5 years, 
however no other relevant outcomes were measured. Watchful monitoring of asymptomatic 
third molar teeth may be a more prudent strategy.
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Background
DESCRIPTION OF THE CONDITION 
Wisdom teeth, or third molars, generally erupt into the mouth between the ages of 17 and 24 
years1,2. More than other teeth, wisdom teeth often fail to erupt or erupt only partially2. 
Impaction occurs where complete eruption into a normal functional position is prevented and 
completion of the root growth is fully established. This can be due to lack of space (in the 
mouth), obstruction by another tooth, or development in an abnormal position3. A tooth that 
is completely impacted can be entirely covered by soft tissue or covered partially by bone 
and soft tissue, or completely covered by bone. Partial eruption occurs when the tooth is 
visible in the dental arch of the lower jaw but has not erupted into a normal functional 
position4. An impacted wisdom tooth is called trouble-free if the patient does not experience 
signs or symptoms of pain or discomfort associated with it5. The literature also uses the 
terms ‘disease-free’ and ‘asymptomatic’6.
The prevalence of asymptomatic impacted third molars varies widely and is influenced by 
age, gender and ethnicity7. Impaction of wisdom teeth in the lower jaw is more common than 
in the upper jaw2. Most of the difficulties following surgical removal, such as postoperative 
morbidity, pain, discomfort and restricted activity, are related to lower wisdom teeth8,9
Whenever impacted wisdom teeth cause symptoms of pain or pathological changes, such as 
swelling or ulceration of the gums, the tooth is no longer trouble-free. General agreement 
exists that removal is then an appropriate treatment decision10.
A reason sometimes given for the removal of asymptomatic third molars may be to prevent 
crowding of the front teeth (incisors) in the future11. Late incisor crowding, following 
orthodontic treatment undertaken during adolescence, may be seen as a risk associated with 
leaving asymptomatic third molars in place.
DESCRIPTION OF THE INTERVENTION 
The prophylactic removal of asymptomatic impacted wisdom teeth is defined as the 
(surgical) removal of wisdom teeth in the absence of local disease. The removal of impacted 
third molars is the most common surgical procedure in dentistry, and consequently the 
associated costs are significant12. As with any surgical procedure, extraction of impacted 
third molars is associated with some risk of adverse effects. Short term adverse effects of 
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third molar extraction surgery include temporary nerve damage, postoperative complications 
such as alveolar osteitis (dry socket), infection, secondary haemorrhage, pain, swelling, 
trismus (restricted mouth opening). Long term adverse effects of third molar surgery are 
uncommon and may include permanent nerve damage (up to 1%), damage to adjacent teeth 
or very rarely mandibular fracture11. There is a belief, shared by many dentists and their 
patients that prophylactic removal of asymptomatic wisdom teeth is justified in order to 
avoid future problems and complications associated with these teeth, which may be both 
more difficult and more costly to treat in older patients11.
Retention of asymptomatic impacted wisdom teeth is defined as monitoring the status of the 
wisdom teeth. This approach to the management of asymptomatic wisdom teeth requires 
that individuals have regular dental checkups to ensure the early detection of any symptoms 
associated with third molars, so that appropriate treatment can be provided.
HOW THE INTERVENTION MIGHT WORK 
Impacted wisdom teeth have been associated with pathological changes, such as 
inflammation of the gums around the tooth (pericoronitis), root resorption, gums and 
alveolar bone disease like gingivitis and periodontal disease, damage of the adjacent teeth, 
and the development of cysts or tumours. Several other reasons to justify prophylactic 
removal have been given i.e. wisdom teeth do not always fulfil a functional role in the mouth 
and when surgical removal is carried out on older patients the risk of more postoperative 
complications, pain and discomfort increases13-16. In most Western countries the prophylactic 
removal of asymptomatic third molars, either impacted or fully erupted, has long been 
considered as ‘appropriate care’16,17. However, prophylactic removal of asymptomatic wisdom 
teeth may lead to considerable postoperative complications such as altered sensation/
numbness, difficulties in eating and speaking, (par)aesthesia of the tongue and the lip and 
infection of bone or surrounding tissues or both15.
The low frequency of pathological changes related to impacted wisdom teeth has been used 
to promote a more cautious approach6,18. Health risks and cost-effectiveness of the 
prophylactic removal of asymptomatic impacted wisdom teeth should play a more prominent 
role in the decision-making process19. Moreover, as the costs of surgical removal are 
significant 20, removal of asymptomatic impacted wisdom teeth that may remain disease-free 
indefinitely, produces an unnecessary burden on healthcare resources21.
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WHY IT IS IMPORTANT TO DO THIS REVIEW 
There is a large variation among general dental practitioners in their management of 
asymptomatic impacted lower wisdom teeth22. There are both economic and personal costs 
associated with the removal of asymptomatic wisdom teeth. Prudent decision-making, with 
adherence to specified indicators for removal, may reduce the number of surgical procedures 
by 60% or more6. It has been suggested that watchful monitoring of asymptomatic wisdom 
teeth may be an appropriate strategy23. The decision-making process, regarding retention 
versus the prophylactic removal of asymptomatic impacted wisdom teeth in the lower jaw, 
should be based on the best available evidence and combined with clinical experience. The 
key element of judgment in cases of prophylactic surgical intervention should be a patient 
safety risk-benefit analysis to avoid substantial iatrogenic injuries. In addition, patients’ 
perspectives, values and attitudes should play a prominent role7.
Objectives
To evaluate the effects of prophylactic removal of asymptomatic impacted wisdom teeth in 
adolescents and adults compared with the retention (conservative management) of these 
wisdom teeth.
Methods
CRITERIA FOR CONSIDERING STUDIES FOR THIS REVIEW
Types of studies
All randomised controlled clinical trials (RCTs) comparing the effect of prophylactic removal 
of asymptomatic impacted wisdom teeth to non-intervention (retention).
Types of participants
Participants in the studies to be reviewed are individuals (males and females of all ages) with 
asymptomatic impacted wisdom teeth. Asymptomatic is defined as the absence of either 
clinical symptoms such as pain or swelling, as well as the absence of any radiographic 
indication of early pathology.
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Types of interventions
Trials comparing planned prophylactic removal of wisdom teeth with retention of 
asymptomatic impacted wisdom teeth (conservative management). The control group 
(monitoring) are likely to continue to receive routine oral examinations and will undergo 
wisdom tooth removal if and when symptoms (pain/swelling) or pathological changes are 
evident.
Types of outcome measures
Primary outcomes 
•  Health related quality of life measures associated with retention or removal included.
Pathological changes associated with retention 
• Pericoronitis (inflammation of the gum around the crown of a tooth).
• Caries (tooth decay).
• Cysts.
• Tumors.
• Root resorption.
• Dimensional changes in the dental arch (crowding).
Symptoms associated with removal of wisdom teeth 
• Pain/swelling/trismus.
• Alveolar osteitis.
• Nerve damage.
Costs
• Costs associated with treating symptoms associated with retention.
•  Direct costs associated with the removal of wisdom teeth and treating any associated 
symptoms.
• Days off work or study
2726
SEARCH METHODS FOR IDENTIFICATION OF STUDIES
Electronic searches 
For the identification of studies included in, or considered for this review, detailed search 
strategies were developed for each database searched. These were based on the search 
strategy developed for MEDLINE (OVID), but revised appropriately for each database. The 
search strategy used a combination of controlled vocabulary and free text terms and was run 
with the Cochrane Highly Sensitive Search Strategy (CHSSS) for identifying randomised trials 
(RCTs) in MEDLINE: sensitivity maximizing version (2008 revision) as referenced in Chapter 
6.4.11.1 and detailed in box 6.4.c of the Cochrane Handbook for Systematic Reviews of 
Interventions version 5.1.0 24. Details of the MEDLINE search are provided in Appendix 1.
The following databases were searched:
• The Cochrane Oral Health Group’s Trials Register (to 30 March 2012) (Appendix 2)
•  The Cochrane Central Register of Controlled Trials (CENTRAL)  
(The Cochrane Library 2012, Issue 1) (Appendix 3)
• MEDLINE via OVID (1950 to 30 March 2012) (Appendix 1)
• EMBASE via OVID (1980 to 30 March 2012) (Appendix 4)
Searching other resources 
Hand searching was done as part of the Cochrane Worldwide Handsearching Programme 
(see The Cochrane Collaboration’s Master List of journals which are being handsearched). 
Personal references were also searched.
DATA COLLECTION AND ANALYSIS 
Selection of studies 
Six authors [Dirk Mettes (DM), Marloes Nienhuijs (MN), Wil van der Sanden (WvdS), 
Hossein Ghaeminia (HG), John Perry (JP), and Alphons Plasschaert (AP)] in duplicate, 
independently and in a non-blinded fashion, assessed the title, keywords, abstracts and/or 
the materials and methods section of results identified by the search strategy. Relevant 
articles identified by reference searching were obtained. 
All articles selected by the authors were obtained. The articles on which the authors 
disagreed were read in full and a decision to include or exclude was made upon discussion. 
Persisting disagreement did not occur. The criteria for inclusion were: study design (RCT), 
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random allocation, comparison of prophylactic removal versus retention, and data on at least 
one of the selected clinical outcomes as a part of the primary outcome measure: Quality 
Adjusted Life Years (health effects on adolescents and adults, economical effects and cost-
effectiveness).
Data extraction and management 
The relevant data were extracted from the included study independently by three authors 
(DM, MN, WvdS). The following types of data were recorded: year of the publication, date 
and duration of the study, age of the participants, sample size, numbers of participants 
randomised to each group, and data on cost-effectiveness. Comparability of participants, 
interventions and outcomes at baseline were recorded. 
The results were discussed between authors until agreement was obtained. In case of 
uncertainty the authors would have been contacted for clarification. Should this uncertainty 
still persist, the data were not used in the review.
Assessment of risk of bias in included studies 
Assessment of the risk of bias in the included studies was undertaken independently and in 
duplicate by three review authors. Disagreements were resolved by discussion. It was carried 
out using The Cochrane Collaboration’s tool for assessing risk of bias and a ‘Risk of bias’ 
table was compared for each study as outlined in Chapter 8 of the Cochrane Handbook for 
Systematic Reviews of Interventions 5.1.0 24.
The following domains were assessed as ‘low risk’ of bias, ‘high risk’ of bias,  
or ‘unclear risk’ of bias:
1. Sequence generation
2. Allocation concealment
3. Blinding (of participants, personnel and outcome assessors)
4. Incomplete outcome data addressed
5. Free of selective outcome reporting
Further quality assessment was carried out to assess the randomisation procedure, sample 
size calculations, the definition of exclusion/inclusion criteria, adequate definition of success 
criteria and comparability of control and treatment groups at the start of the trial. The study 
authors were contacted to seek clarification when there was uncertainty over the data. These 
assessments are reported for each individual study in the ‘Risk of bias’ table under the 
2928
‘Characteristics of included studies’.
A summary assessment of the risk of bias for the primary outcome (across domains) across 
studies was undertaken 24. Within a study, a summary assessment of low risk of bias is given 
when there is a low risk of bias for all key domains, unclear risk of bias when there is an 
unclear risk of bias for one or more key domains, and high risk of bias when there is a high 
risk of bias for one or more key domains. Across studies, a summary assessment is rated as 
low risk of bias when most information is from studies at low risk of bias, unclear risk of bias 
when most information is from studies at low or unclear risk of bias, and high risk of bias 
when the majority of information is from studies at high risk of bias sufficient to affect the 
interpretation of the results.
Measures of treatment effect 
For dichotomous outcomes, we planned to express the estimate of treatment effect of an 
intervention as risk ratios (RR) (symptom present or not) together with 95% confidence 
intervals (CIs). For continuous outcomes (such as mean VAS scores for pain), we planned to 
use mean differences and standard deviations to summarise the data for each trial.
Assessment of heterogeneity 
Assessment of heterogeneity in quantifying inconsistency across studies would have been 
carried out using the I2 statistic as described in section 9.5.2 of the Cochrane Handbook for 
Systematic Reviews of Interventions.
Data synthesis 
It was planned to conduct a meta-analysis if there were sufficient studies reporting the same 
outcome measures. We planned to combine risk ratios and calculate 95% confidence 
intervals for dichotomous data and mean differences with 95% confidence intervals for 
continuous data. We planned to use fixed-effect models unless more than three studies were 
included in each meta-analysis, or there was clinical heterogeneity amongst the studies.
Sensitivity analysis 
It was planned to undertake sensitivity analyses to examine the effect of randomisation, 
allocation concealment and blinded outcome assessment on the overall estimates of effect.
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Results
DESCRIPTION OF STUDIES 
See: Characteristics of included studies; Characteristics of excluded studies  
(tables 2.2 and 2.3)
RESULTS OF THE SEARCH 
The electronic searches (March 2012) of the review update identified a total of 277 
references and all review authors independently screened these titles and abstracts. From 
these, no additional reports of trials were eligible according to the defined inclusion criteria 
for this review with regard to study design, participants, and interventions. See figure 2.1 for 
study flow diagram of the search update.
FIGURE 2.1. 
Review flow diagram
3130
INCLUDED STUDIES 
Characteristics of the trial setting and investigators 
The included trial, Harradine 1998, was conducted in the United Kingdom, using a parallel 
group design.
Characteristics of the interventions 
The treatment intervention used in the trial was the surgical prophylactic removal of 
asymptomatic impacted third molar.
Characteristics of outcome measures 
Harradine 199825 
(1)  Little’s irregularity index (LII), defined as the sum of the contact point displacements 
from anatomic contact point to contact point. 
(2)  Intercanine width (ICW), defined as anatomical distal contact points of the lower 
canines. 
(3)  Arch length (AL), defined as the sum of the distances from the mesial contact of the first 
molar to the midline contact point of the first lower incisor.
These measurements were registered at baseline and follow-up. Mean differences with 
standard deviations and 95% confidence intervals between two time-points were calculated. 
Length of follow-up: 5 years, mean length of follow-up was 66 +/-12.6 months.
Sample size calculation 
The included trial reported no a priori sample size calculation.
Inclusion and exclusion criteria 
The identified trial,25, used well described inclusion criteria, and included adolescents (mean 
age 14 years and 10 months, standard deviation (SD): 16.2 months) who had previously 
undergone orthodontic treatment. Treatment comprised of active treatment only in the upper 
jaw and with no treatment or premolar extractions only being carried out in the lower jaw. All 
participants (n = 164; 55% female) had ‘crowded’ third molars, that is third molars whose 
long axis and presumed path of eruption was through the adjacent second molar.
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EXCLUDED STUDIES 
The included Lindqvist study 26 in the original published version was excluded in the updated 
review, because we think that a split-mouth study is not an appropriate design to assess 
crowding. The ongoing van der Waal study (1999) in the original published version of this 
review could not be further assessed and therefore is not listed in this review. The trial 
stopped early and despite several attempts to contact the investigators no details of the 
study design or outcome data were available.
RISK OF BIAS IN INCLUDED STUDIES 
See Characteristics of included studies table (table 2.2) and Figure 2.2
Allocation 
In the assessed trial 25 a list of randomly generated numbers was used and qualified as 
adequate. The method of allocation concealment was not explicitly described which gave 
rise to selection bias of the results.
FIGURE 2.2. 
Risk of bias summary: review authors’ judgments  
about each risk of bias item for each included study.
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Blinding 
In the included trial it was impossible for participants and operators to be blinded to the 
intervention, however the outcome assessor was blinded.
Incomplete outcome data 
In the Harradine trial 53% of the original patients were lost to follow-up at 5 years. The 
reasons given for this loss were that researchers were unable to contact these participants at 
the addresses given. Trial authors reported the results of digitized modelling of the initial 
casts of 44 of the 87 non-responders. It is not stated how these 44 were selected. The trial 
authors used three measurements to compare the casts from non-responders with the initial 
casts from those who were included in the 5 year follow-up, and they determined that there 
was no difference between these groups.
More participants were lost from the conservative management group (49/82 = 60%) 
compared to the extraction group (38/82 = 46%) although the reasons given are unable to 
be contacted. There are no data for each treatment group on the gender balance of those 
who completed compared to those who did not. We assessed this trial to be at high risk of 
attrition bias, which could have affected the overall results.
Selective reporting 
The only outcomes reported in the paper are orthodontic indices. Adverse events and/or 
complications of the treatments were not reported. The risk of reporting bias is assessed as 
unclear.
Other potential sources of bias 
Gender, age and orthodontic conditions (impacted molars, orthodontic treatment) were 
mentioned, but not described for each treatment group. There is very little information about 
the comparability of groups at study entry, and at the 5 year follow-up.
EFFECTS OF INTERVENTIONS 
See: Summary of findings for the main comparison
There was only one trial which met the inclusion criteria for this review. Harradine 1998 had 
the primary outcome of lower incisor crowding. This trial did not report any information 
concerning the outcomes of pericoronitis, caries, cysts, tumors or root resorption in 
participants whose wisdom teeth were retained, nor pain, swelling, trismus, or the incidence 
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of alveolar osteitis or nerve damage in those undergoing prophylactic extraction.
The primary outcome of this study was late lower incisor crowding which was determined 
from digitized measurements of casts taken 5 years after randomization. Less than half of  
the participants initially randomized were able to be contacted for this follow-up, and 44 and 
33 participants were evaluated in the extraction and non-extraction groups respectively 
(54% and 40% of those originally randomized). The trial reports changes in three measures 
of crowding over 5 years of follow-up (Little’s irregularity index, intercanine width  
and arch length).
TABLE 2.1
Outcomes dimensional changes in the dental arch after 5 years
Outcomes after 5 years     Extraction    Non-extraction   Mean difference
          group (n = 44)   group (n = 33)   (95% confidence interval)
Mean change in Little’s      0.80 (1.23)    1.10 (2.72)    0.30 (-1.30 to 0.70), p = 0.56
irregularity index (SD*)
Mean mm change in      -0.37 (0.73)    -0.38 (0.85)    0.01 (-0.35 to 0.37), p = 0.92
intercanine width (SD)
Mean mm change      -1.1 (1.13)    -2.13 (0.97)    1.03 (0.56 to 1.50),  p < 0.001
in arch Length (SD)
*SD = standard deviation
There was no statistically significant difference between the groups for the outcomes of 
Little’s irregularity index or intercanine width. There was a statistically significant, small 
difference of 1.03 mm (0.56 to 1.50), P < 0.001 between the groups in arch length. These 
findings appear to be inconsistent with each other. The authors conducted some post hoc 
analysis and state that a partial explanation lies in the fact that some of the participants had 
undergone lower premolar extractions and still had some space not fully closed at study 
entry. There is no evidence from this single study at high risk of bias that extraction of 
asymptomatic third molars influences lower incisor crowding after 5 years.
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Discussion
SUMMARY OF MAIN RESULTS 
No randomized controlled trials were identified to evaluate whether prophylactic removal  
of asymptomatic wisdom teeth prevents painful and/or infection complications arising from 
the retention of these teeth. This review identified a single study that compared extraction  
of asymptomatic wisdom teeth with retention and only evaluated the effect on crowding 
after 5 years follow-up. Three measures of crowding were taken and the results were 
inconsistent. There is no evidence from this single study at high risk of bias that extraction  
of asymptomatic wisdom tooth has an effect on lower incisor crowding.
OVERALL COMPLETENESS AND APPLICABILITY OF EVIDENCE 
A single randomized controlled trial was identified which compared extraction of 
asymptomatic wisdom teeth with retention of these teeth. The trial had the primary outcome 
of late lower incisor crowding. Risk of bias was assessed as high due to the absence of 
allocation concealment and the high and differential attrition rate in each group. This trial did 
not provide any information on the potential harms of wisdom tooth extraction.
The trial intervention focused on participants who had completed orthodontic treatment i.e. 
a selected group not representative of the general population with asymptomatic impacted 
wisdom teeth. It is interesting to note the high rate of attrition in this study, which is due to 
the researchers being unable to make contact with the participants 5 years after recruitment. 
Loss to follow-up is likely to be a major obstacle in obtaining data about the effects of 
prophylactic extraction of asymptomatic wisdom teeth compared to retention as participants 
in such trials are likely to be recruited towards the end of their high school years. In the years 
following recruitment participants are likely to be difficult to contact as they move to higher 
education, go travelling or change locations seeking employment.
There is no information from this trial concerning costs. Costs may be borne by the patient, 
the patient’s parents or by the publicly funded healthcare system. As well as the financial 
cost of the procedure there is a personal cost in terms of pain and suffering and loss of time 
from work or studying. There is also no information from this trial about adverse effects, 
either of the prophylactic removal (temporary or permanent nerve damage, dry socket, 
infection, mandibular fracture) or about any other adverse effects associated with retention 
of these teeth such as pain, inflammation or infection.
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Furthermore the only trial identified, did not shed any light on patients’ perspectives or on 
cost issues. Research in preferences of patients on these aspects is strongly advocated. As 
long as further reliable research is lacking, preventive surgical removal of asymptomatic 
impacted third molars to prevent potential lower incisor crowding cannot be justified on 
current evidence.
QUALITY OF THE EVIDENCE 
The only trial included in this review was at high risk of bias. There is a need for further 
adequately powered trials with long follow-up (10 years minimum) to answer the question of 
whether prophylactic removal of asymptomatic wisdom teeth is justified. However, as 
previously noted, individuals recruited into a trial in their late teens are likely to be difficult to 
follow up as this life stage is associated with high mobility.
We chose a quality of life outcome in order to capture the different benefits and harms 
associated with prophylactic extraction and retention of asymptomatic wisdom teeth. The 
reason we chose this type of outcome measure is due to the difficulties of comparing the 
various outcomes, i.e. the rate of complications after surgical removal versus the incidence of 
pathological change in case of retention and the rate of complications due to delayed surgical 
removal23. Recently, data emerged concerning the validation of the Oral Health Impact Profile 
(OHIP-14) showing that OHIP-14 is a valid and reliable measure of oral health related quality 
of life in general dental practice and is responsive to impacted third molar clinical change27. 
Using quality of life outcome measures is a relatively new research topic in dentistry. 
However, the only included study focused on a single outcome - lower incisor crowding.
AGREEMENTS AND DISAGREEMENTS WITH OTHER STUDIES OR REVIEWS 
The Scottish Intercollegiate Guideline Network published guidelines for the management of 
unerupted and impacted third molars in 19999 and The National Institute for Health and 
Clinical Excellence published their guidelines for the removal of third molars in 200021. Both 
concluded that based on the costs and risks there was no valid evidence to support the 
prophylactic removal of asymptomatic wisdom teeth.
In the late 1990s the American Association of Oral and Maxillofacial Surgeons acknowledged 
the absence of evidence to answer this question and pledged significant amount of money 
for a multicenter trial11. This group “leans more towards the removal of asymptomatic third 
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molars on the basis they are a potential source of chronic inflammation”11. The progress 
report on the “Third Molar Clinical Trials”28 noted that the length of a trial (minimum 7 years) 
required to produce meaningful data made the effort “almost prohibitive”. We have not been 
able to find a randomized controlled trial amongst this research. More than 70 papers have 
been published as a result of these studies, including a large cohort study that documents 
the incidence of adverse effects following more than 8000 third molar extractions in patients 
at least 25 years old29. There have also been large studies documenting the incidence of 
complications associated with the retention of symptomatic wisdom teeth, and attempting 
to identify the risk factors associated with poor outcomes following either extraction or 
retention. There are issues of selection bias and confounding in all these studies.
There is still an ongoing disagreement regarding to the prophylactic removal of 
asymptomatic impacted wisdom teeth. The debate yields controversial statements30. The key 
question in the debate remains: why should impacted wisdom teeth be removed in the 
absence of symptoms or pathological conditions? If we had the ability to reliably predict 
future development, prophylactic removal would perhaps be unnecessary31. However, reliable 
estimates of the onset of pathology related to non-intervention for impacted third molars are 
unavailable32 in large part due to the widespread practice of routine removal over the past 
decades. The limited information on the prevalence of pathology related to third molars in 
older patients suggests that the prophylactic removal of all impacted third molars before 
adulthood may not be justified. Non-intervention outcome studies are rare due to the 
problems associated with a complex long-term prospective study design33. Another attempt 
has been made by using actuarial lifetime tables to shed some light on the natural history of 
asymptomatic impacted lower wisdom teeth, but longer follow-up periods are required to get 
more solid data34.
The decision about whether to recommend extraction or retention of asymptomatic wisdom 
teeth may also be influenced by factors such as cost (whether extraction cost is covered by 
public funding, insurance or is borne by the patient) and possible professional liability.
Authors’ conclusions
IMPLICATIONS FOR PRACTICE
There is no evidence from randomized controlled trials (RCTs), that prophylactic removal of 
asymptomatic wisdom teeth prevents painful and/or infection complications arising from the 
retention of these teeth. A single RCT addressing the outcome of late lower incisor crowding 
shows no evidence of a difference due to either removal or retention of third molars. General 
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TABLE 2.2 
Characteristics of included studies
Harradine 1998
Methods  Parallel group design - Two treatment groups.
    Location: Bristol UK.
    Single centre.
     Research aim: To investigate prospectively the effects of early extraction of third molars on late lower incisor 
crowding.
Participants   Inclusion criteria: Individuals who had previously undergone orthodontic treatment, but were no longer wearing 
orthodontic appliances or retainers. Orthodontic treatment comprised active treatment in the upper arch only 
with either removable appliances or a single arch fixed appliance, with no treatment or premolar extractions only 
being carried out in the lower arch. Individuals with crowded molars (third molars whose long axis and, therefore, 
presumed path of eruption was through the adjacent second molar).
    Exclusion criteria: Residual premolar extraction space.
    Number randomised: 164 individuals (55% were female).
     Number evaluated after 5 years: 77 individuals completed the trial (58% were female). 
     Age of entry to the trial (mean+/- standard deviation (SD)): 14 years 10 months +/- 16.2 months. 
    Baseline characteristics: Reported for overall group sample, not per study group.
Interventions Group I: Extraction of third molars (n = 44 evaluated). 
    Group II: Retention of third molars (n = 33 evaluated).
Outcomes  Outcome measures: 
    (1) Little’s irregularity index (LII). Mean differences +/- SD for change. 
dental practitioners (GDPs) and oral and maxillofacial surgeons can only rely on clinical 
experience and patient values and preferences, in order to make decisions concerning the 
treatment of individuals in their care.
IMPLICATIONS FOR RESEARCH
There still is a need for long-term and well-designed prospective randomized controlled trials 
of prophylactic extraction versus retention of asymptomatic impacted third molars. To solve 
the problem of comparability an overall oral health related quality of life outcome measure is 
advocated. However, it is acknowledged that there are significant difficulties in conducting 
long duration trials in young adults who are both busy and mobile.
Characteristics of studies
3938
    (2) Intercanine width (ICW). Mean differences +/- SD for change. 
    (3) Arch length (AL). Mean differences +/- SD for change. 
    Length of follow-up: 5 years, mean length of follow-up was 66 +/-12.6 months. 
    For the upper arch no statistical differences were found between the two groups for the three outcome variables.
Notes   Sample size calculation: Not described. 
     Analysis (linear modelling) of the measurements of the casts demonstrated no systematic differences between 
individuals who completed the trial and those who were lost to follow-up. 
    Baseline characteristics per study group for comparability at entry would have been appropriate.
Risk of bias
Bias        Authors’ judgment
Random  sequence generation  Low risk    Quote: “..a list of randomly generated numbers was used to allocate..”
             Comment: Probably done.
Allocation concealment   High risk   Quote: “..a list of randomly generated numbers was used to allocate..”
              Comment: The method of concealment is not fully described, it is likely 
that selection bias could affect the outcome of the study.
Blinding of outcome assessment Low risk     Quote: “the third molar status was unknown to the digitizer in order to 
eliminate sub-conscious bias”
             Comment: Probably done.
Incomplete outcome data   High risk    Quote: “..no systematic differences existed between those patients who 
entered the trial and completed, and those who entered and did not 
complete”
              Comment: 53% attrition overall, evaluation on 44 and 33 participants in 
extraction and non-extraction groups (54% and 40% respectively) and 
the reasons for non-completion are given as “loss of contact with occu-
piers of their previous address”. There are no data on the gender balance 
of those who completed compared to those who did not, for each treat-
ment group. Trial authors report only the results of modeling of 44 of the 
non-responders. This trial would seem to be at high risk of attrition bias.
Selective reporting    Unclear risk    Comment: The only outcomes reported in the paper are orthodontic 
indices. There are no adverse effects of the treatments or symptoms 
reported.
Other sources of bias    Low risk     Comment: More specified characteristics per study group for 
comparability at entry would have been appropriate.
Data and analyses This review has no analyses
TABLE 2.3
Characteristics of excluded studies
Study Reason for exclusion
Lindqvist 1982 Split-mouth study which is an inappropriate design to evaluate crowding of teeth.
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Appendices
APPENDIX 1. 
MEDLINE via OVID search strategy 
1. Molar, Third/             9. 7 and 8
2.  (“third molar*” or “wisdom tooth” or        10. Tooth extraction/ 
“wisdom teeth” or “3rd molar*” or third-molar).mp.     11. (extract$ or remov$).mp.
3. Tooth, impacted/            12.  asymptom$.mp.  13. (symptomless or symptom-free
4. ((tooth adj5 impact$) or (teeth adj5 impact$)).mp.      or “symptom free”).mp.
5. Tooth, unerupted/            14. (trouble-free or “trouble free”).mp. 
6. unerupt$.mp.             15. or/10-14
7. 1 or 2               16. 9 and 15
8. 3 or 4 or 5 or 6 
 The above subject search was linked to the Cochrane Highly Sensitive Search Strategy (CHSSS) for identifying randomised trials in 
MEDLINE: sensitivity maximising version (2008 revision) as referenced in Chapter 6.4.11.1 and detailed in box 6.4.c of the Cochrane 
Handbook for Systematic Reviews of Interventions version 5.1.0 (updated March 2011).
1. randomized controlled trial.pt.          7. trial.ab. 
2. controlled clinical trial.pt.           8. groups.ab.
3. randomized.ab.             9. or/1-8
4. placebo.ab.              10. exp animals/ not humans.sh.
5. drug therapy.fs.             11. 9 not 10
6. randomly.ab. 
APPENDIX 2. 
The Cochrane Oral Health Group’s Trials Register search strategy 
((“third molar*” OR “molar third” OR “wisdom teeth” or “wisdom tooth” OR “third-molar*” or “3rd molar*”) AND (impact* or 
unerupt*) AND (“Tooth extraction” or extract* or remov* or asymptom* or “trouble free” or trouble-free or “symptom free”))
APPENDIX 3. 
The Cochrane Central Register of Controlled Trials (CENTRAL) search strategy 
#1 MeSH descriptor Molar, Third this term only 
#2 (“third molar*” in All Text or “wisdom tooth” in All Text or “wisdom teeth” in All Text or “3rd molar*” in All Text or third-molar in 
All Text) 
#3 MeSH descriptor tooth, impacted this term only 
#4 ((tooth in All Text near/5 impact* in All Text) or (teeth in All Text near/5 impact* in All Text)) 
#5 MeSH descriptor Tooth, unerupted this term only 
#6 unerupt* in All Text 
#7 ((#1 or #2) and (#3 or #4 or #5 or #6)) 
#8 MeSH descriptor Tooth extraction this term only 
#9 (extract* in All Text or remov* in All Text) 
#10 asymptom* in All Text 
#11 (symptomless in All Text or symptom-free in All Text or “symptom free” in All Text) 
#12 (“trouble free” in All Text or trouble-free in All Text) 
#13 (#8 or #9 or #10 or #11 or #12) 
#14 (#7 and #13)
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APPENDIX 4. 
EMBASE via OVID search strategy 
1. Molar tooth/            7.  (extract$ or remov$).mp.
2.  (“third molar$” or “wisdom tooth” or “wisdom teeth”   8.  asymptom$.mp. 
 or “3rd molar$” or third-molar$).mp.       9.  (symptomless or symptom-free or “symptom free”).mp.
3.  ((tooth adj5 impact$) or (teeth adj5 impact$)).mp    10.  (trouble-free or “trouble free”).mp.
4.  unerupt$.mp.            11.  or/6-10
5.  ((1 or 2) and (3 or 4))          12.  5 and 11
6.  Tooth extraction/ 
  
The above subject search was linked to the Cochrane Oral Health Group filter for EMBASE via OVID:
1. random$.ti,ab.             11. DOUBLE-BLIND PROCEDURE.sh.
2. factorial$.ti,ab.            12. RANDOMIZED CONTROLLED TRIAL.sh. 
3. (crossover$ or cross over$ or cross-over$).ti,ab.     13. SINGLE BLIND PROCEDURE.sh.
4. placebo$.ti,ab.             14. or/1-13
5. (doubl$ adj blind$).ti,ab.          15. ANIMAL/ or NONHUMAN/ or ANIMAL EXPERIMENT/
6. (singl$ adj blind$).ti,ab.          16. HUMAN/
7. assign$.ti,ab.             17. 16 and 15
8. allocat$.ti,ab.             18. 15 not 17
9. volunteer$.ti,ab.            19. 14 not 18
10. CROSSOVER PROCEDURE.sh.
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ABSTRACT
Background: 
Prophylactic removal of asymptomatic disease-free impacted wisdom teeth is the surgical 
removal of wisdom teeth in the absence of symptoms and without evidence of local disease. 
Impacted wisdom teeth may be associated with pathological changes, such as pericoronitis, 
root resorption, gum and alveolar bone disease, caries and the development of cysts and 
tumours. When surgical removal is carried out in older people, following the development of 
symptoms or disease, the risk of postoperative complications, pain and discomfort increases. 
Other reasons to justify prophylactic removal of asymptomatic disease-free impacted third 
molars have been to prevent late lower incisor crowding either during or after orthodontic 
treatment, to prevent damage to the adjacent structures such as the second molar or inferior 
alveolar nerve, in preparation for orthognatic surgery, radiotherapy or during procedures to 
treat trauma to the affected area. Removal of asymptomatic disease-free wisdom teeth is a 
common procedure and there is a need to determine whether evidence supports this practice. 
This review is an update of an existing review published in 2012. 
Objectives:
To evaluate the effects of removal compared to retention (conservative management) of 
asymptomatic disease-free impacted wisdom teeth in adolescents and adults. 
Search methods: 
We searched the following electronic databases: Cochrane Oral Health’s Trials Register (to 24 
May 2016), the Cochrane Central Register of Controlled Trials (CENTRAL) (2016, Issue 4), 
MEDLINE Ovid (1946 to 24 May 2016) and Embase Ovid (1980 to 24 May 2016). We 
searched ClinicalTrials.gov and the World Health Organization International Clinical Trials 
Registry Platform for ongoing and unpublished studies to 24 May 2016. We imposed no 
restrictions on language or date of publication in our search of electronic databases. Selection 
criteria: Studies comparing the removal (or absence) with the retention (or presence) of 
asymptomatic disease-free impacted wisdom teeth in adolescents or adults. Randomised 
controlled trials (RCTs) were included with no restriction on their length of follow-up if 
available. Quasi-RCTs and prospective cohort studies were considered for inclusion if outcomes 
were measured with a follow-up of at least five years. 
Data collection and analysis: Eight review authors screened the search results and assessed the 
eligibility of studies for inclusion according to the review inclusion criteria. Risk of bias 
assessments were conducted independently and in duplicate by eight review authors. Where 
information was unclear, we contacted the study authors for additional information.
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Main results:
This review includes two studies. The previous review included one RCT with a parallel-group 
design, which was conducted in a dental hospital setting in the United Kingdom; our new 
search for this update identified one prospective cohort study conducted in the private sector 
in the USA.
Primary outcome: No eligible studies in this review reported the effects of removal compared 
with retention of asymptomatic disease-free impacted wisdom teeth on health-related quality 
of life Secondary outcomes: We found only low to very low quality evidence of the effects of 
removal compared with retention of asymptomatic disease-free impacted wisdom teeth for a 
limited number of secondary outcome measures.
One prospective cohort study, reporting data from a subgroup of 416 healthy male participants, 
aged 24 to 84 years, compared the effect of the absence (previous removal or agenesis) 
against the presence of asymptomatic disease-free impacted wisdom teeth on periodontitis 
and caries associated with the distal of the adjacent second molar during a follow-up period of 
three to over 25 years. Very low quality evidence suggests that the presence of asymptomatic 
disease-free impacted wisdom teeth may be associated with increased risk of periodontitis 
affecting the adjacent second molar in the long term. In the same study, which is at serious risk 
of bias, there is insufficient evidence to demonstrate a difference in caries risk associated with 
the presence or absence of impacted wisdom teeth.
One RCT with 164 randomised and 77 analysed adolescent participants compared the effect of 
extraction with retention of asymptomatic disease-free impacted wisdom teeth on dimensional 
changes in the dental arch after five years. Participants (55% female) had previously 
undergone orthodontic treatment and had ‘crowded’ wisdom teeth. No evidence from this 
study, which was at high risk of bias, was found to suggest that removal of asymptomatic 
disease-free impacted wisdom teeth has a clinically significant effect on dimensional changes 
in the dental arch.
The included studies did not measure our other secondary outcomes: costs, other adverse 
events associated with retention of asymptomatic disease-free impacted wisdom teeth 
(pericoronitis, root resorption, cyst formation, tumour formation, inflammation/infection) and 
adverse effects associated with their removal (alveolar osteitis/postoperative infection, nerve 
injury, damage to adjacent teeth during surgery, bleeding, osteonecrosis related to medication/
radiotherapy, inflammation/infection).
4746
Authors’ conclusions: 
Insufficient evidence is available to determine whether or not asymptomatic disease-free impacted 
wisdom teeth should be removed. Although asymptomatic disease-free impacted wisdom teeth 
may be associated with increased risk of periodontitis affecting adjacent second molars in the long 
term, the evidence is of very low quality. Well-designed RCTs investigating long-term and rare 
effects of retention and removal of asymptomatic disease-free impacted wisdom teeth, in a 
representative group of individuals, are unlikely to be feasible. In their continuing absence, high 
quality, long-term prospective cohort studies may provide valuable evidence in the future. Given the 
lack of available evidence, patient values should be considered and clinical expertise used to guide 
shared decision making with patients who have asymptomatic disease-free impacted wisdom teeth. 
If the decision is made to retain asymptomatic disease-free impacted wisdom teeth, clinical 
assessment at regular intervals to prevent undesirable outcomes is advisable.
Outcomes Assumed risk Corresponding risk Relative effect (95%Cl) No of Participants (studies) Quality of the evidence (GRADE) Comments 
Health-related quality of life This primary outcome was not assessed in the included studies.
Undesirable outcomes associated with retention (bony impaction): Not estimatable*  RR 0.32 (0.19 to 0.54) 416 (1 observational study) + - - - very low b,c,d,e
Periodontitis  
Distal alveolar bone loss second molar
Assessed by clinical and radio-graphic examination at follow-up ranging from 3 to 25 years
Undesirable outcomes associated with retention (bony impaction): 
Caries affecting the second molar  Not estimatable*  RR 0.69 (0.27 to 1.82) 416 (1 observational study) + - - - very low b,c,d,e
Assessed by clinical and radio-graphic examination at follow-up ranging from 3 to 25 years.  
Undesirable outcomes associated with retention:
Dimensional changes in the dental arch 
Assessed using digitized study models at follow-up of 66 months
Little’s index of irregularity
Undesirable outcomes associated with removal Not measured
Costs Not measured  
Little’s index of
irregularity was 1.1
mm
The mean Little’s index of 
irregularity in the intervention
group was 0.30 mm lower 
(1.30 lower to 0.70 higher)
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SUMMARY OF FINDINGS TABLE
Extraction (absence) compared to retention (presence) for the management of 
asymptomatic disease-free impacted wisdom teeth
Patient or population: asymptomatic disease-free impacted wisdom teeth in adolescents or adults
Settings: clinics in a university or primary care setting (UK and USA)
Intervention: extraction (absence) of wisdom teeth
Comparison: retention (presence) of wisdom teeth
Outcomes Assumed risk Corresponding risk Relative effect (95%Cl) No of Participants (studies) Quality of the evidence (GRADE) Comments 
Health-related quality of life This primary outcome was not assessed in the included studies.
Undesirable outcomes associated with retention (bony impaction): Not estimatable*  RR 0.32 (0.19 to 0.54) 416 (1 observational study) + - - - very low b,c,d,e
Periodontitis  
Distal alveolar bone loss second molar
Assessed by clinical and radio-graphic examination at follow-up ranging from 3 to 25 years
Undesirable outcomes associated with retention (bony impaction): 
Caries affecting the second molar  Not estimatable*  RR 0.69 (0.27 to 1.82) 416 (1 observational study) + - - - very low b,c,d,e
Assessed by clinical and radio-graphic examination at follow-up ranging from 3 to 25 years.  
Undesirable outcomes associated with retention:
Dimensional changes in the dental arch 
Assessed using digitized study models at follow-up of 66 months
Little’s index of irregularity
Undesirable outcomes associated with removal Not measured
Costs Not measured  
77 (1 RCT) + + - - low f,g
For soft tissue impaction, the RR was
0.11 (95% CI 0.06 to 0.22)
Also measured by distal probing depth > 4 mm 
second molar: for bony impaction the RR was 0.63 
(95% CI 0.37 to 1.04); for soft tissue impaction, the 
RR was 0.15 (95% CI 0.07 to 0.34)
For soft tissue impaction, RR
was 1.20 (95% CI 0.17 to 9.10)
Also measured by: Intercanine width: mean decrease in 
intercanine width in control group was 0.38 mm. Mean 
decrease in intercanine width in intervention group was 
0.01 mm lower (0.37 lower to 0.35 higher); and Arch 
length: mean decrease in arch length in control group was 
2.13 mm. Mean decrease in arch length in intervention 
group was 1.03 mm lower (0.56 lower to 1.5 lower)
footnotes page 50
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Footnotes Summary of findings table
*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes.
The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval; RR: Risk Ratio
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: Further research is likely to have an important impact on our confidence in
the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on
our confidence in the estimate of effect and is likely to change the estimate
Very low quality: We are very uncertain about the estimate.
a Results were presented at tooth level, not at participant level.
 However, adjusted RRs were presented at participant level 
b Observational study downgraded one level for serious
 risk of bias due to confounding and missing data  
c Only male participants were included, which does not
 reflect the overall population. No direct causal effect of
 gender and second molar pathology is expected.
 Therefore, not downgraded for applicability
d Participants enrolled in the study and returning for follow-up
 are likely to be more health aware than their age-matched peers
 in the community, and to practise better health behaviours.
 This would suggest more motivated participants in this study
 compared with the overall population. The presented significant
 effect may be greater in the overall population; however, we have
 not upgraded the quality of evidence for plausible confounding 
e Owing to the wide CI, this outcome was downgraded one level for imprecision   
f RCT downgraded one level for risk of bias owing to ‘some limitations’
 for multiple criteria (allocation concealment and incomplete outcome data),
 sufficient to lower confidence in the estimate of effect
g Owing to the small number of participants and the high rate of loss to follow-up,
 the quality of evidence was downgraded one level for imprecision
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Background 
DESCRIPTION OF THE CONDITION 
Wisdom teeth, or third molars, generally erupt into the mouth between the ages of 17 and 26 
years1,2. More than other teeth, wisdom teeth often fail to erupt or erupt only partially, with a 
worldwide impaction prevalence of 24%3. Impaction occurs where complete eruption into a 
normal functional position is prevented and completion of root growth is fully established. 
This can be due to lack of space (in the mouth), obstruction by another tooth, or 
development in an abnormal position1. A tooth that is completely impacted can be entirely 
covered by soft tissue, covered partially by bone and soft tissue or completely covered by 
bone. Partial eruption occurs when the tooth is visible in the dental arch but has not erupted 
into a normal functional position4. Impacted wisdom teeth have been associated with 
pathological changes such as pericoronitis, root resorption, periodontal disease, caries, and 
the development of cysts or tumours. An impacted wisdom tooth is called trouble-free if the 
patient does not experience signs or symptoms of pain or discomfort associated with it5. 
Other terms used in the literature include ‘disease-free’ and ‘asymptomatic’6 
The prevalence of asymptomatic disease-free impacted third molars varies widely and is 
influenced by age, gender and ethnicity7. Impaction of wisdom teeth in the lower jaw is more 
common than in the upper jaw3,8. Most of the difficulties following surgical removal, such as 
postoperative morbidity, pain, discomfort and restricted activity, are related to lower wisdom 
teeth9. 
When impacted wisdom teeth cause pathological changes or symptoms of pain, the tooth is 
no longer trouble-free. There is general agreement that a wisdom tooth should be removed if 
pathology or symptoms are present. However, the management of asymptomatic disease-
free wisdom teeth is still controversial10. 
DESCRIPTION OF THE INTERVENTION 
The prophylactic removal of asymptomatic disease-free impacted wisdom teeth is defined as 
the surgical removal of wisdom teeth in the absence of symptoms and without evidence of 
local disease. There is a belief, shared by many dentists and their patients that the removal of 
asymptomatic disease-free wisdom teeth is justified in order to avoid future complications 
associated with these teeth. When surgical removal is carried out on older patients the risk 
of postoperative complications increases11-14. An impacted wisdom tooth almost never has a 
5150
functional role in the mouth and might increase the risk of caries, periodontal disease and 
external root resorption associated with the second molar. Another common argument given 
for the removal of asymptomatic wisdom teeth is to prevent late lower incisor crowding10. 
The removal of impacted wisdom teeth is a common surgical procedure and the associated 
costs are significant15. Short-term adverse effects of the removal of wisdom teeth include 
temporary nerve damage, alveolar osteitis (dry socket), infection, secondary haemorrhage, 
pain, swelling and trismus (restricted mouth opening). Long-term adverse effects of third 
molar surgery are uncommon and include permanent nerve damage (in up to 1% of cases) 
and damage to adjacent teeth during surgery10. 
Retention of impacted wisdom teeth is defined as monitoring the status of wisdom teeth. To 
avoid the adverse effects and cost of the removal of wisdom teeth, some advocate the 
retention of asymptomatic disease-free impacted wisdom teeth. This approach requires 
individuals to have regular dental checkups so that the status of the wisdom teeth can be 
monitored.
HOW THE INTERVENTION MIGHT WORK 
In many countries the prophylactic removal of asymptomatic disease-free wisdom teeth, 
either impacted or fully erupted, was long considered as ‘appropriate care’11,14. The removal of 
wisdom teeth that may remain disease-free indefinitely is costly15 and can produce an 
unnecessary burden on healthcare resources16. With the introduction of NICE16 and SIGN17 
clinical practice guidelines (CPGs), supporting the conservative management of wisdom 
teeth, the removal of wisdom teeth has declined in recent years18. However, there are 
concerns that retained wisdom teeth will increase the risk of pathology to the surrounding 
structures in the long term and their removal at an older age may cause more severe 
complications15,18. 
WHY IT IS IMPORTANT TO DO THIS REVIEW 
The Cochrane Oral Health Group undertook an extensive prioritisation exercise in 2014 to 
identify a core portfolio of titles that were most important to maintain in the Cochrane 
Library19. Consequently, this review was identified as a priority title by the oral and 
maxillofacial surgery expert panel20. 
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Wisdom tooth impaction is a common phenomenon3. Both economic and personal costs are 
associated with the removal of asymptomatic disease free impacted wisdom teeth. Large 
variations exist in the management of asymptomatic disease-free impacted wisdom teeth21 
but clinicians’ decisions should be based on the best available research evidence, their 
clinical expertise and patients’ values7. 
Objectives 
To evaluate the effects of removal compared to retention (conservative management) of 
asymptomatic disease-free impacted wisdom teeth in adolescents and adults.
Methods 
TYPES OF STUDIES 
Randomised controlled trials (RCTs) were considered for inclusion for all outcomes with no 
restriction on their length of follow-up. 
In order to assess long-term outcomes, quasi-RCTs and prospective cohort studies were also 
considered for inclusion only if outcomes were measured with a follow-up of at least five 
years. These non-randomised studies (NRS) were considered for inclusion in this review 
update as the long-term outcomes of retention/removal of asymptomatic disease-free 
impacted wisdom teeth are extremely unlikely to be studied in randomised trials.
TYPES OF PARTICIPANTS 
Individuals (males and females of all ages) with asymptomatic disease-free impacted 
(maxillary or mandibular) wisdom teeth. An impacted tooth is defined as a tooth that has not 
erupted into a normal functional position. The tooth may be partially or completely covered 
by soft tissue and/or bone and might be visible, partially visible or invisible in the mouth. 
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TYPES OF INTERVENTIONS 
Studies comparing the removal (or absence) with the retention (or presence) of 
asymptomatic impacted wisdom teeth. The control group (retention or presence of 
asymptomatic disease-free impacted wisdom teeth) is likely to continue to receive routine 
oral examinations and may undergo wisdom tooth removal if symptoms or disease become 
evident.
TYPES OF OUTCOME MEASURES 
Primary outcome:
Health-related quality of life measures associated with retention or removal (desirable and 
undesirable effects)
Secondary outcomes:
Outcomes associated with retention of wisdom teeth (undesirable effects)
• Pericoronitis
•  Periodontitis (increased probing depths or alveolar bone loss affecting the wisdom teeth 
or adjacent second molars)
•  Caries (tooth decay affecting the wisdom teeth  
or adjacent second molars (distal-cervical))
• Root resorption – affecting wisdom teeth or adjacent second molars
• Dimensional changes in the dental arch (crowding)
• Cyst formation
• Tumour formation
Outcomes associated with removal of wisdom teeth (undesirable effects)
• Alveolar osteitis/postoperative infection
• Nerve injuries (lingual nerve and inferior alveolar nerve)
• Damage to adjacent teeth during surgery
• Bleeding
• Osteonecrosis related to medication/radiotherapy
Costs
• days off work/study
•  Direct costs associated with retention or removal of wisdom teeth and treating any 
associated symptoms or complications
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SEARCH METHODS FOR IDENTIFICATION OF STUDIES 
For the identification of studies detailed search strategies were developed for each database 
searched. These were based on the search strategy developed for MEDLINE (OVID), but 
revised appropriately for each database. The search strategy used a combination of 
controlled vocabulary and free text terms, details of the MEDLINE search are provided in 
Appendix 3.
The following databases were searched:
•  the Cochrane Oral Health Group’s Trials Register (to 24 May 2016) (Appendix 1);
•  the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 
2016, Issue 4) (Appendix 2);
• MEDLINE via OVID (1946 to 24 May 2016) (Appendix 3);
• EMBASE via OVID (1980 to 24 May 2016) (Appendix 4).
• ClinicalTrials.gov (to 24 May 2016) (Appendix 5)
• WHO International clinical trials registry platform (to 24 May 2016) (Appendix 6)
SELECTION OF STUDIES 
Eight authors (Hossein Ghaeminia (HG), John Perry (JP), Marloes Nienhuijs (MN), Verena 
Toedling (VT), Marcia Tummers (MT), Theo Hoppenreijs (TH), Wil van der Sanden (WvdS) 
and Dirk Mettes (DM), in duplicate, independently and not blinded, assessed the title, 
keywords, abstracts and/or the methods sections of studies identified by the search strategy. 
We obtained relevant articles identified by reference searching. All full-text articles selected 
by the authors were obtained. The articles on which the authors disagreed were read in full 
and a decision to include or exclude was made upon discussion. The eligibility criteria were:
•  studies comparing the removal (or absence) with the retention (or presence) of (maxillary 
or mandibular) asymptomatic disease-free impacted wisdom teeth;
• studies with data on at least one of the selected primary or secondary outcomes;
• studies with quantitative outcomes;
• studies with a suitably matched control or comparison group;
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DATA EXTRACTION AND MANAGEMENT 
The relevant data were extracted from the included studies independently and in duplicate 
by five authors (HG, JP, VT, MT and DM). The following types of data were recorded: study 
design, risk of bias, the studied outcome measure, year of the publication, duration of follow-
up, sample size, number and characteristics of participants in each group and the reported 
results. The comparability of the participant characteristics at baseline, how researchers 
dealt with confounding, eligibility criteria and the methodology used for measuring outcomes 
were also assessed. We discussed the results until agreement was obtained. In cases of 
uncertainty, the authors were contacted for clarification. Should uncertainty still persist,  
the data was not used.
ASSESSMENT OF RISK OF BIAS IN INCLUDED STUDIES 
Risk of bias assessments of the included studies were undertaken independently and  
in duplicate by all review authors. Disagreements were resolved by discussion.
Randomised controlled trials (RCTs)
The Cochrane Collaboration’s tool for assessing risk of bias and a ‘Risk of bias’ table were 
used to assess each study as outlined in Chapter 8 of the Cochrane Handbook for Systematic 
Reviews of Interventions 5.1.0 22.
The following domains were assessed as ‘low risk’ of bias, ‘high risk’ of bias,  
or ‘unclear risk’ of bias.
1. Random sequence generation (selection bias)
2. Allocation concealment (selection bias)
3. Blinding of outcome assessment (detection bias)
4. Incomplete outcome data (attrition bias)
5. Selective outcome reporting (reporting bias)
6. Other bias
Further assessment of the randomisation procedure, sample size calculation, definition of 
eligibility criteria, definition of success criteria and comparability of control and treatment 
groups at the start of the trial was conducted. The study authors were contacted to seek 
clarification when there was uncertainty concerning the data. These assessments are 
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reported for each individual study in the ‘Risk of bias’ table and under the ‘Characteristics of 
included studies’. An overall assessment of the risk of bias for the primary and secondary 
outcomes (across domains) across RCTs was undertaken 22. Within a study, a summary 
assessment of low risk of bias is given when there is a low risk of bias for all key domains, 
unclear risk of bias when there is an unclear risk of bias for one or more key domains, and 
high risk of bias when there is a high risk of bias for one or more key domains. Across studies, 
a summary assessment is rated as low risk of bias when most information is from studies at 
low risk of bias, unclear risk of bias when most information is from studies at low or unclear 
risk of bias, and high risk of bias when the majority of information is from studies at high risk 
of bias sufficient to affect the interpretation of the results.
Non-randomised studies (NRS)
The Cochrane Risk of Bias Assessment Tool for Non-Randomized Studies of Interventions 
(ACROBAT-NRSI) was used for the risk of bias assessment of NRS 23.
The following domains for each primary or secondary outcome were assessed as ‘low risk’ of 
bias, ‘moderate’ risk of bias, ‘serious’ risk of bias, ‘critical’ risk of bias or ‘no information’.
1. Bias due to confounding
2. Bias in selection of participants into the study
3. Bias in measurement of interventions
4. Bias due to departures from intended interventions
5. Bias due to missing data
6. Bias in measurement of outcomes
7. Bias in selection of the reported result
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CONTROL FOR CONFOUNDING
We prespecified age, oral and general health status as critically important  
confounding domains.
We assessed which of these confounding domains had an impact on the specific outcome 
and whether they were balanced at baseline or at outcome assessment in studies where 
participants were allocated to groups on the basis of their outcome. We also assessed 
whether the confounding domains were balanced between the groups or at the design stage 
through matching when participants were allocated to groups or through statistical 
adjustments at the analysis stage.
Oral health status included the frequency of routine dental check-ups, DMFS/T (Decayed 
Missing Filled Surfaces/Teeth) index, frequency of oral hygiene and carbohydrate intake.  
At least one of these variables required to be balanced or adjusted for.
No critically important co-interventions were expected to influence the long-term outcomes.
Risk of bias assessment for each primary and secondary outcome (across domains) within 
each non-randomised study was undertaken 23. Within a study for each outcome, an 
assessment of low risk of bias is given when there is a low risk of bias for all key domains, 
moderate risk of bias when there is a moderate risk of bias for one or more key domains, 
serious risk of bias when there is a serious risk of bias for one or more domains, critical risk 
of bias when there is a critical risk of bias for one or more key domains and ‘no information’ 
when there is no clear indication that the outcome is at serious or critical risk of bias and 
there is a lack of information in one or more key domains of bias. Certain risks of bias were 
considered to be additive, so that certain risks of bias in multiple domains led to an overall 
judgment of greater risk of bias.
MEASURES OF TREATMENT EFFECT 
For RCTs and prospective studies with dichotomous outcomes, the estimate of treatment 
effect of an intervention was expressed as risk ratios (RR) (outcome present or absent) 
together with 95% confidence intervals (CIs). For continuous outcomes, we used mean 
differences and standard deviations.
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UNIT OF ANALYSIS ISSUES 
We assessed the carry-over effect for all split-mouth studies. If a split-mouth design was 
deemed inappropriate to investigate the outcome or outcomes assessed in a particular study 
the study was excluded. For other split-mouth studies we intended to approximate a paired 
analysis, following the guidance of the Cochrane Handbook for Systematic Reviews of 
Interventions22. In the case of an ideal study (i.e. one that reported means and SD for both 
groups, and the MD and SD/standard error (SE) between the two groups), we intended to 
calculate intragroup correlation coefficients (ICC); if we identified more than one ideal study, 
we intended to calculate the mean ICC, which we would have adopted in the calculation of 
the MD and SD/SE for other, similar split-mouth studies. If no ideal study was identified, then 
we assumed that the ICC was 0.5.
For clustered data, in trials where the unit of randomisation was the tooth, and the number of 
teeth included in the trial was not more than twice the number of participants, the data were 
treated as if the unit of randomisation was the individual. It was recognised that the resulting 
95% confidence intervals produced would appear narrower (i.e. the estimate would seem to 
be more precise) than they should have been, and we therefore interpreted these 
accordingly.
DEALING WITH MISSING DATA 
We assessed incomplete data during the risk of bias assessment. If data were absent, we 
recorded the presence of reporting bias. We also captured missing data in the data extraction 
form and reported in the risk of bias tables. We contacted the study authors to try to acquire 
missing data for inclusion.
ASSESSMENT OF HETEROGENEITY 
Assessment of heterogeneity in quantifying inconsistency across studies would have been 
carried out using the I2 statistic as described in section 9.5.2 of the Cochrane Handbook for 
Systematic Reviews of Interventions
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ASSESSMENT OF REPORTING BIASES 
For studies we assessed reporting bias as between-study publication bias or within-study 
reporting bias. We assessed within-study reporting bias by comparing the outcomes 
reported in the published report against the study protocol, whenever this could be obtained. 
If this was not obtainable, then we compared outcomes listed in the methods section with 
those whose results were reported. If non-significant results were mentioned but not 
reported adequately, we considered that bias was likely to occur in a meta-analysis and we 
sought further information from the authors of the study reports. Otherwise, this was noted 
as being at high risk of bias. If there was insufficient information to judge the risk of bias, this 
was noted as being at unclear risk of bias. If there had been a sufficient number of trials 
(more than 10) in any meta-analysis, we would have assessed publication bias according to 
the recommendations on testing for funnel plot asymmetry as described in section 10.4 of 
the Cochrane Handbook for Systematic Reviews of Interventions22 . If asymmetry had been 
identified, we would have examined possible causes or assessed it using a table to list the 
outcomes reported by each study included in the review, to identify whether there were any 
studies that did not report outcomes that had been reported by most studies.
DATA SYNTHESIS 
For RCTs, we planned to conduct a meta-analysis if there were sufficient studies reporting 
the same outcome measure. We planned to combine risk ratios and calculate 95% 
confidence intervals for dichotomous data and mean differences with 95% confidence 
intervals for continuous data from RCTs. We planned to use the fixed-effect model unless 
more than three studies were included in each meta-analysis or if clinical heterogeneity 
amongst the studies existed, in which case we would have used the random-effects model.
Since the data from NRS are prone to bias and are often heterogeneous, we would have 
carried out separate meta-analyses for NRS and the results presented according to different 
study designs and outcomes. For NRS, we would not have performed a meta-analysis in 
cases of severe methodological and clinical heterogeneity or when there are too few NRS. In 
this instance the studies would be be grouped by outcome and the results presented as a 
narrative summary in the text as well as illustrated in tables and in form of a forest plot 
without an overall summary statistic.
Data from NRS with a critical risk of bias would not be used in any analyses.
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SUBGROUP ANALYSIS AND INVESTIGATION OF HETEROGENEITY 
Due to the lack of data a subgroup analysis was not performed. If sufficient data had been 
present, subgroup analyses were to be undertaken for the age of the patient (< 18 years, 18-
25 years, 26-30 years, >30 years). 
SENSITIVITY ANALYSIS 
For any pooled analyses we planned to undertake sensitivity analyses to examine the effect 
of randomisation, allocation concealment and blinded outcome assessment on the overall 
estimates of effect.
For meta-analyses of NRS we planned to undertake sensitivity analyses after removing NRS, 
which had not adequately adjusted for significant differences in confounding domains.
PRESENTATION OF MAIN RESULTS
A ‘Summary of findings’ table (SoF) was developed for the primary and secondary outcomes 
of this review using the GRADE profiler software. The quality of the evidence was assessed 
with reference to the overall risk of bias of the included studies, the directness of the 
evidence, the inconsistency of the results, the precision of the estimates, the risk of 
publication bias and the magnitude of the effect. The quality of the evidence was categorised 
as high, moderate, low or very low.
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Results 
RESULTS OF THE SEARCH 
After performing the search up to 24 May 2016, a total of 3622 references were retrieved; 
this resulted in 2474 records after de-duplication. No additional studies or ongoing studies 
were found after searching the trial registers. After screening the titles and abstracts of these 
references, we selected 24 articles; after de-duplication 22 remained. We found three 
additional articles by reference searching. Finally, we excluded 23 articles and included two.
See figure 3.1 for study flow diagram of the search update.
FIGURE 3.1 
Flow diagram search of studies
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INCLUDED STUDIES 
The last published version of this review included one RCT24 which compared the surgical 
removal with the retention of asymptomatic disease-free impacted wisdom teeth in 
adolescent patients who had previously undergone orthodontic treatment. This study with 
164 participants was assessed overall to be at high risk of bias. The present update has 
added one prospective cohort study. A total of two studies with 1395 participants (493 
analysed participants) were included in this update. Summary details are given in the 
Characteristics of included studies table (table 3.1). 
CHARACTERISTICS OF THE STUDY SETTINGS
Two studies involving data from 493 analysed participants were included in this review: one 
RCT with a parallel group design conducted in a dental hospital setting in the United 
Kingdom24 and one prospective cohort study conducted in the private sector in the USA25.
CHARACTERISTICS OF PARTICIPANTS
The RCT24 recruited 164 adolescents (55% female) who had previously undergone 
orthodontic treatment and had ‘crowded’ wisdom teeth, in which the long axis and presumed 
path of eruption of the wisdom teeth was through the adjacent second molar.
The prospective cohort study25 recruited 1231 healthy male volunteers, aged 24 to 84 years, 
who had both first and second molars present in at least one quadrant at baseline and had at 
least one follow-up examination (at three years). Wisdom teeth at baseline were categorised 
as absent (previous removal or agenesis), erupted, ‘soft tissue’ impacted or ‘bony’ impacted.
CHARACTERISTICS OF THE INTERVENTIONS
The RCT24 compared the surgical removal with the retention of asymptomatic disease-free 
impacted wisdom teeth.
The prospective cohort study25 compared the retention to the absence (previous removal or 
agenesis) of asymptomatic disease-free impacted wisdom teeth.
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CHARACTERISTICS OF THE OUTCOME MEASURES
The RCT24 measured the secondary outcome, dimensional changes in the dental arch, at 
baseline and five years later. Three measures of dimensional changes in the dental arch 
(Little’s irregularity index, intercanine width and arch length) were assessed using digitised 
study models.
The prospective cohort study25 measured the secondary outcomes, periodontitis and caries 
associated with the distal of the adjacent second molar during a follow up period of between 
three to over 25 years. Probing depths of > 4 mm associated with the distal of the adjacent 
second molar were assessed clinically, and alveolar bone loss and caries associated with the 
distal of the adjacent second molar were assessed clinically and radiographically by a trained, 
calibrated periodontist.
EXCLUDED STUDIES 
Summary details are given in the Characteristics of excluded studies table (table 3.2). A 
previously included RCT26 was excluded in this updated review as we think a split-mouth 
study design is an inappropriate design to assess crowding.
Of the identified NRS, we excluded 22 studies after screening the full text,  
for the following reasons:
• three studies with follow-up less than five years 
• seven studies with an inappropriate study design 
• seven studies did not have a suitably matched control or comparison group 
• and five studies had an inappropriate study population 
RISK OF BIAS IN INCLUDED STUDIES 
The risk of bias is reported separately for the RCT and prospective cohort study and 
presented in additional tables. See Characteristics of included studies table (table 3.1).
The Harradine 1998 study had adequate sequence generation24. The method of allocation 
concealment was not explicitly described, which gave rise to a high risk of selection bias. It 
was impossible for participants and operators to be blinded to the intervention, however the 
outcome assessor was blinded. The risk of performance and detection bias was assessed to 
6564
  
 
IN
D
IC
AT
IO
N
 
 
be low. Fifty-three per cent of the original participants (n=87) were lost to follow-up at five 
years. More participants were lost from the retention group (49/82 = 60%) than the removal 
group (38/82 = 46%) and the study authors were unable to contact these participants. 
There is no data on the gender balance between groups of those who completed the study 
compared to those who did not. We assessed this trial to be at high risk of attrition bias that 
could have affected the overall results. The risk of bias due to selective reporting was 
assessed as unclear and no other major potential sources of bias could be identified. This 
RCT was considered overall to be at high risk of bias.
The prospective cohort study, Nunn 2013, was assessed to be at serious risk of bias due to 
confounding and missing data25. Analyses were adjusted for baseline age, smoking status, 
education and baseline second molar measures but oral health status was not measured. 
These factors may contribute to the development of second molar pathology and therefore 
this study is at serious risk of bias due to confounding. In the initial Dental Longitudinal Study 
beginning in 1969, 1231 volunteers were enrolled. Eventually only 416 met the inclusion 
criteria and were analysed. Data regarding the excluded participants is missing. Participants 
with pathology associated with their wisdom teeth are likely to have had them removed 
before the study was initiated and therefore this study is at serious risk of bias due to missing 
data. This study was assessed to be at low risk of bias in measurement of interventions and 
outcomes. The risk of bias due to selection of participants into the study, departures from 
intended interventions and selection of the reported results were assessed as moderate. This 
prospective cohort study was considered overall to be at serious risk of bias for all assessed 
outcomes (Table 3.1)
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EFFECTS OF INTERVENTIONS 
Primary outcomes- health related quality of life
Neither of the two included studies investigated health-related quality of life measures 
associated with retention or removal of asymptomatic disease-free impacted wisdom teeth.
Secondary outcomes- outcomes associated with retention of wisdom teeth 
(undesirable effects)
Periodontitis (increased probing depths or alveolar bone loss affecting the wisdom 
teeth or adjacent second molars)
The prospective cohort study (Nunn 2013) with 416 analysed participants (with 804 wisdom 
teeth) reported relative risks for probing depths > 4mm and alveolar bone loss associated 
with the distal of the adjacent second molar in the absence compared to the retention of 
asymptomatic disease-free impacted wisdom teeth25. ‘Soft tissue’ and ‘bony’ impactions 
were calculated at the participant level.
In the absence of wisdom teeth the risk of probing depths of > 4 mm associated with the 
distal of the adjacent second molar was significantly lower than if soft tissue impacted 
wisdom teeth were present (RR 0.15, CI 0.07 to 0.34) (very low quality evidence). There was 
no statistically significant difference in the risk of probing depths > 4 mm associated with the 
distal of the adjacent second molar in the absence compared to the presence of bony 
impacted wisdom teeth (RR 0.63, 95% CI 0.37 to 1.04) (very low quality evidence).
In the absence of wisdom teeth the risk of alveolar bone loss associated with the distal of the 
adjacent second molar was significantly lower than if soft tissue (RR 0.11, 95% CI 0.06 to 
0.22) or bony impacted (RR 0.32, 95% CI 0.19 to 0.54) wisdom teeth were present (very low 
quality evidence).
Caries (tooth decay affecting the wisdom teeth or adjacent second molars (distal-cervical))
The prospective cohort study (Nunn 2013) with 416 analysed participants (with 804 wisdom 
teeth) reported relative risks for caries associated with the distal of the adjacent second 
molar in the absence compared to the retention of asymptomatic disease-free impacted 
wisdom teeth 25. ‘Soft tissue’ and ‘bony’ impactions were calculated at the participant level.
There was no statistically significant difference in the prevalence of distal caries associated 
with the adjacent second molar in the absence compared to the presence of bony impacted 
wisdom teeth (RR 0.69, 95% CI 0.27 to 1.82) and soft tissue impacted wisdom teeth (RR 
1.20, 95% CI 0.17 to 9.10) (very low quality evidence).
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Dimensional changes in the dental arch (crowding)
The RCT (Harradine 1998) with 77 analysed participants reported mean differences with 
95% confidence intervals for dimensional changes in the dental arch for the surgical removal 
compared to the retention of asymptomatic disease-free impacted wisdom teeth24. There 
was no statistically significant difference between the groups for the outcomes of Little’s 
irregularity index (MD -0.3mm 95% CI -1.3 to 0.7).or intercanine width (MD -0.01mm 95% 
CI -0.37 to 0.35) (low quality evidence).There was a small but statistically significant 
difference between the groups in arch length (MD -1.03 mm 95% CI -0.56 to -1.50, P = 
0.0001) but this difference is unlikely to be clinically significant (low quality evidence). These 
findings appear to be inconsistent with each other but may be explained, as the authors note, 
by persistent residual premolar extraction space in some participants at study entry. 
Other outcomes associated with retention
No included studies reported pericoronitis, root resorption, cyst formation, tumour formation 
or inflammation/infection.
Outcomes associated with removal of wisdom teeth (undesirable effects)
No included studies measured outcomes or adverse events associated with removal of 
asymptomatic disease-free impacted wisdom teeth (alveolar osteitis/postoperative 
infection, nerve injury, damage to adjacent teeth during surgery, bleeding, osteonecrosis 
related to medication/radiotherapy, inflammation/infection).
Costs
The included studies did not measure days off work/study or direct costs associated with 
retention or removal of wisdom teeth and treatment of associated symptoms or 
complications.
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Discussion 
SUMMARY OF MAIN RESULTS 
No eligible studies in this review reported the effect of the removal compared with the 
retention of asymptomatic disease-free impacted wisdom teeth for the primary outcome 
measure; health-related quality of life.
Studies have provided only low or very low quality evidence of the effects of removal 
compared with retention of asymptomatic disease-free impacted wisdom teeth for a limited 
number of secondary outcome measures. Very low quality evidence from one prospective 
cohort study suggests that the presence of asymptomatic disease-free impacted wisdom 
teeth may be associated with increased risk of periodontitis associated with the adjacent 
second molar in the long term. The same study provided no evidence to suggest that the 
presence of impacted wisdom teeth changes the risk of caries affecting the adjacent second 
molar. Low quality evidence from a single randomised controlled trial (RCT) included in this 
review found no evidence to suggest that removal of asymptomatic disease-free impacted 
wisdom teeth has a clinically significant effect on dimensional changes in the dental arch.
No included studies have reported other outcomes or adverse events associated with 
removal (alveolar osteitis/postoperative infection, nerve injury, damage to adjacent teeth 
during surgery, bleeding, osteonecrosis related to medication/radiotherapy, inflammation/
infection) or retention (pericoronitis, root resorption, cyst formation, tumour formation, 
inflammation/infection) of asymptomatic disease-free impacted wisdom teeth.
OVERALL COMPLETENESS AND APPLICABILITY OF EVIDENCE 
Substantial differences are evident between participants in the two included studies, and 
these participants were not representative of the general population with asymptomatic 
disease-free impacted wisdom teeth. 
The included RCT focused only on adolescent patients who had completed orthodontic 
treatment. Loss to follow-up is a major obstacle in obtaining data about the effects of the 
extraction of asymptomatic disease-free impacted wisdom teeth as participants are likely to 
be recruited towards the end of their high school years and are difficult to follow up as they 
move to higher education, go travelling or change locations seeking employment. 
In the prospective cohort study, only male participants aged 24 to 84 years from a single 
geographic area were included and they were self-selected volunteers. Participants enrolled 
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in the study who returned for follow-up are likely to be more health aware than their age-
matched peers in the community and to practice better health behaviours. This would 
suggest more motivated participants in this study compared to the overall population. 
Retained wisdom teeth in this group of participants were associated with an increased risk of 
periodontal disease affecting the adjacent second molar. The risk of damage to the second 
molar might be even higher in populations with poor oral health. If wisdom teeth or adjacent 
second molars need to be removed at an older age due to disease the personal and financial 
costs may be greater than at a young age. However, there is no information from the included 
studies concerning quality of life measures and costs.
There is also no information from the included trials regarding other adverse effects of 
removal (alveolar osteitis/postoperative infection, nerve injuries, damage to adjacent teeth 
during surgery, bleeding, osteonecrosis related to medication/radiotherapy, inflammation/
infection) or retention (pericoronitis, root resorption, cyst formation, tumour formation, 
inflammation/infection) of asymptomatic disease-free impacted wisdom teeth.
We chose the primary outcome of health-related quality of life in order to capture the 
benefits and harms associated with the removal and retention of asymptomatic disease-free 
impacted wisdom teeth. We chose this outcome measure due to the difficulties of comparing 
the various outcomes, i.e. the rate of complications after surgical removal, the incidence of 
pathological change in cases of retention and the rate of complications due to delayed 
surgical removal27. Unfortunately this primary outcome was not assessed in the included 
studies. The Oral Health Impact Profile (OHIP-14) is a valid and reliable measure of oral 
health related quality of life in general dental practice and is responsive to impacted third 
molar clinical change28. This tool is suitable to measure the effect of removal or retention of 
asymptomatic disease-free impacted wisdom teeth on oral health related quality of life in 
future studies.
QUALITY OF THE EVIDENCE 
The single RCT included in this review provided low quality evidence of the effects of surgical 
removal of asymptomatic disease-free impacted wisdom teeth on dimensional changes in 
the dental arch at 5 years follow-up. The trial was considered overall to be at high risk of bias 
due to limitations of allocation concealment and incomplete outcome data sufficient to lower 
confidence in the estimate of effect. In addition, the low number of participants and high rate 
of patients lost to follow-up leads to imprecision in the estimate of effect.
As RCTs investigating longer-term and rare effects of removal or retention of asymptomatic 
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disease-free impacted wisdom teeth are unlikely to be feasible, we considered non-
randomised studies (NRSs) for inclusion in this review update. A high quality prospective 
cohort study might be a more suitable design for evaluating the outcomes of retained 
wisdom teeth. However, NRSs are likely to be at higher risk of bias compared with RCTs. With 
the introduction of the Cochrane Risk of Bias Tool for NRSs (ACROBAT-NRSI) it is possible to 
assess the risk of bias in NRSs more systematically. (The tool was updated in 2016 and is 
now called ROBINS-I).
The included prospective cohort study25, was assessed to be at serious risk of bias due to 
confounding. The authors adjusted the analyses for baseline age, smoking status, education 
and baseline second molar measures, but oral health status was not measured. Oral health 
status may contribute to the development of pathology associated with the wisdom teeth 
and adjacent second molars. A recent study that measured the frequency of dental check-
ups reported no effect of wisdom tooth removal on the incidence of pathology associated 
with the second molar 29. However, this study only had two years of follow-up and was not 
eligible for inclusion in this review. Since pathology may develop in a wisdom tooth or the 
adjacent second molar over the whole of a person’s lifetime, studies with long-term follow-
up are needed.
The quality of evidence available from the two studies included in this review is of low to very 
low quality so we cannot rely on the findings to support clinical practice.
AGREEMENTS AND DISAGREEMENTS  
WITH OTHER STUDIES OR REVIEWS 
Despite the lack of evidence, clinical practice guidelines (CPGs) on the management of 
impacted wisdom teeth have been available for 15 years. The Scottish Intercollegiate 
Guideline Network17 published a CPG for the management of unerupted and impacted 
wisdom teeth in 1999 and the National Institute for Health and Care Excellence16 in the UK 
published a CPG for the removal of wisdom teeth in 2000. Both concluded that considering 
the costs and risks associated with removal, there is no valid evidence to support the 
prophylactic removal of asymptomatic disease-free wisdom teeth. In 2000, the number of 
patients requiring surgical removal of wisdom teeth in secondary care dropped by 30%18 . 
However, since 2003, an increase in the removal of wisdom teeth has been registered, with 
an equal number of patients requiring wisdom tooth removal in 2000 and 2010. In addition, 
the mean age of patients requiring the removal of wisdom teeth has increased from 25 years 
before the introduction of the NICE CPD to 32 years in 201018. The authors suggest 
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implementation of CPGs has not resulted in a reduction in the number of wisdom teeth 
removed but increased the number of wisdom teeth requiring removal at an older age due to 
caries15,18. However, there is a high risk of bias among all domains in this study due to the use 
of hospital coding systems. The prospective cohort study included in this review25 found an 
increased risk of distal caries in second molars adjacent to fully erupted wisdom teeth, but 
not for impacted wisdom teeth.
In the late 1990s, the American Association of Oral and Maxillofacial Surgeons 
acknowledged the absence of evidence to guide clinical decision making for the management 
of asymptomatic disease-free impacted wisdom teeth and allocated a significant amount of 
money for a multicentre study10. More than 70 papers have been published as a result of this 
study, including a large cohort study that documents the incidence of adverse effects 
following more than 8000 third molar extractions in patients at least 25 years old30. There 
have also been large studies documenting the incidence of complications associated with the 
retention of asymptomatic disease-free wisdom teeth. Most of these studies did not focus on 
asymptomatic disease-free impacted wisdom teeth, but investigated the occurrence of 
pathology associated with ‘visible teeth’. This results in a serious risk of selection bias in all 
these studies and therefore they were not included in this review. The American Association 
of Oral and Maxillofacial Surgeons leans more towards the removal of asymptomatic 
disease-free third molars on the basis they are associated with increased periodontal probing 
depths and are therefore a potential source of chronic inflammation10. However, it should be 
questioned whether only pocket depths are indicative of periodontal pathology. A 4 mm 
pocket depth in the second molar may be influenced by the eruption status of the third molar, 
without inflammation or other pathology. The prospective cohort study included in this 
review25 found an increased risk of second molar periodontal pathology adjacent to impacted 
third molars when distal alveolar bone loss was assessed radiographically in addition to 
distal probing depths.
There is still ongoing disagreement regarding the removal of asymptomatic disease-free 
impacted wisdom teeth29 and the key question in the debate remains: why should impacted 
wisdom teeth be removed in the absence of symptoms or pathological conditions? If we had 
the ability to reliably predict future development, prophylactic removal would perhaps be 
unnecessary31 . However, reliable estimates of the onset of pathology related to retained 
impacted wisdom teeth are unavailable32, in large part due to the widespread practice of 
routine removal over the past decades. Recently, cross-sectional studies performed in elderly 
in the USA33 and Finland34 report that the majority of wisdom teeth are removed over their 
lifetime and that up to 80% of the surviving wisdom teeth have associated pathology such as 
caries or periodontitis in patients over the age of 74 years. The incidence of severe pathology 
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associated with wisdom teeth, such as cysts and tumors is low (< 2%). The evidence from 
these cross-sectional studies is very unreliable and studies assessing the outcomes of 
retained wisdom teeth are rare due to the problems associated with a complex long-term 
prospective study design35. Studies have shown that distally impacted lower wisdom teeth 
and partially erupted wisdom teeth are more likely to become symptomatic36. Actuarial life 
time tables have shed some light on the natural history of asymptomatic impacted lower 
wisdom teeth, but longer follow-up periods are required37 .
The decision about whether to recommend removal or retention of asymptomatic disease-
free wisdom teeth may also be influenced by cost (whether publicly funded, covered through 
insurance or borne by the patient) and professional liability. Patient values and preferences 
should play a more prominent role in the decision whether or not to remove asymptomatic 
disease-free impacted wisdom teeth.
Authors’ conclusions 
IMPLICATIONS FOR PRACTICE 
Insufficient evidence is available to support the surgical removal or retention of 
asymptomatic disease-free impacted wisdom teeth. Although some evidence suggests that 
retaining asymptomatic disease-free impacted wisdom teeth may increase the risk of 
periodontitis associated with adjacent second molars in the long term, this evidence is of 
very low quality. In light of the lack of available evidence, patient values should be considered 
and clinical expertise used to guide shared decision making with patients who have 
asymptomatic disease-free impacted wisdom teeth. If the decision is made to retain 
asymptomatic disease-free impacted wisdom teeth, clinical assessment at regular intervals 
to prevent undesirable outcomes is advisable.
IMPLICATIONS FOR RESEARCH 
Long-term, well-designed prospective studies comparing removal or retention of 
asymptomatic disease-free impacted wisdom teeth are urgently needed. Well-designed RCTs 
investigating the long-term and rare effects of retention and removal of asymptomatic 
disease-free impacted wisdom teeth, in a representative group of individuals, are unlikely to 
be feasible. If randomisation is not possible, studies should register important baseline data 
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such as age and general and oral health status, including the frequency of dental checkups, 
the DMFS/T (Decayed Missing Filled Surfaces/Teeth) index or frequency of oral hygiene. 
These confounding domains should be balanced at baseline or adjusted for with appropriate 
analyses. A crucial and easily comparable outcome is oral health-related quality of life. 
However, further development and validation of patient-reported outcome measures 
(PROMs) are needed in the context of managing asymptomatic disease-free impacted 
wisdom teeth. The secondary outcomes described in this review are also of great importance 
for decision making in the management of asymptomatic disease-free impacted wisdom 
teeth and should be measured in future studies. Because pathology may develop in a wisdom 
tooth or in the adjacent second molar over the whole of a patient’s lifetime, studies with 
long-term follow-up (at least five years) are needed. This is very challenging, as young 
participants are difficult to contact when they move to higher education, travel or change 
locations while seeking employment.
Differences between protocol and review
1.  type of participants. In the original protocol, the intention was to include only studies on 
adult participants (over 17 years of age). However, no suitable trials were identified. It was 
therefore decided to expand the remit to include studies on adolescent participants. The 
change in the age of patients is not expected to have any clinical implication, since there 
is not much clinical difference between adolescents (14 to 17 years of age) and young 
adults (18 to 25 years of age);
2.  type of studies. Long-term outcomes of retention/removal of asymptomatic disease-free 
impacted wisdom teeth are extremely unlikely to be studied in RCTs. Therefore non-
randomised studies (NRS) were considered for inclusion in this review update, if only 
outcomes were measured with a follow-up of at least five years. 
3.  outcomes. More than 15 years after the initial protocol, there have been many 
publications regarding periodontitis as a possible undesirable effect of retention of 
wisdom teeth. Furtheremore, there is more attention for medication/radiotherapy related 
osteonecrosis of the jaw associated with surgical extractions. Therefore these secondary 
outcomes were added in the methods. 
4.  since NRS were considered for inclusion in the review update, the risk of bias assessment 
has been changed compared to the original protocol. The Cochrane Risk of Bias 
Assessment Tool for Non-Randomized Studies of Interventions (ACROBAT-NRSI) was 
added for the risk of bias assessment of NRS 23.
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Characteristics of studies
TABLE 3.1 
Characteristics of included studies
Harradine 1998 
Methods  Randomised controlled trial, parallel group design, two treatment groups
    Location: Bristol UK
    Single centre
     Research aim: to investigate prospectively the effects of early extraction of third molars on late lower incisor 
crowding
Participants   Inclusion criteria: individuals who had previously undergone orthodontic treatment, but were no longer wearing 
orthodontic appliances or retainers. Orthodontic treatment comprised active treatment in the upper arch only 
with either removable appliances or a single arch fixed appliance, with no treatment or premolar extractions only 
being carried out in the lower arch. Individuals with crowded molars (third molars whose long axis and, therefore, 
presumed path of eruption was through the adjacent second molar).
    Exclusion criteria: residual premolar extraction space.
    Number randomised: 164 individuals (55% were female)
    Number evaluated after 5 years: 77 individuals completed the trial (58% were female)
    Age of entry to the trial (mean+/- standard deviation (SD)): 14 years 10 months +/- 16.2 months
    Baseline characteristics: reported for overall group sample, not per study group
Interventions Group I: extraction of third molars (n = 44 evaluated)
    Group II: retention of third molars (n = 33 evaluated)
Outcomes  Outcome measures
    • Little’s irregularity index (LII). Mean differences +/- SD for change
    • ntercanine width (ICW). Mean differences +/- SD for change
    • Arch length (AL). Mean differences +/- SD for change
     Length of follow-up: 5 years, mean length of follow-up was 66 +/-12.6 months
    For the upper arch no statistical differences were found between the two groups for the three outcome variables.
Notes   Sample size calculation: not described
     Analysis (linear modelling) of the measurements of the casts demonstrated no systematic differences between 
individuals who completed the trial and those who were lost to follow-up.
    Baseline characteristics per study group for comparability at entry would have been appropriate.
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Risk of bias table 
Bias       Authors’ judgement  Support for judgement
Random sequence generation Low risk     Quote: “...a list of randomly generated numbers was used to allocate...”
             Comment: probably done
Allocation concealment  High risk    Quote: “...a list of randomly generated numbers was used to allocate...”
              Comment: The method of concealment is not fully described, it is likely 
that selection bias could affect the outcome of the study.
Blinding of outcome   Low risk      Quote: “the third molar status was unknown to the digitizer in order to
assessment           eliminate sub-conscious bias”
             Comment: probably done
Incomplete outcome data  High risk     Quote: “...no systematic differences existed between those patients who 
entered the trial and completed, and those who entered and did not 
complete”
              Comment: 53% attrition overall, evaluation on 44 and 33 participants in 
extraction and non-extraction groups (54% and 40% respectively) and 
the reasons for non-completion are given as “loss of contact with 
occupiers of their previous address”. There are no data on the gender 
balance of those who completed compared to those who did not, for each 
treatment group. Trial authors report only the results of modelling of 44 
of the non-responders. This trial would seem to be at high risk of attrition 
bias.
Selective reporting   Unclear risk     Comment: the only outcomes reported in the paper are orthodontic 
indices. There are no adverse effects of the treatments or symptoms 
reported.
Other sources of bias   Low risk      Comment: more specified characteristics per study group for 
comparability at entry would have been appropriate
7574
Nunn 2013 
Methods   Prospective cohort study, part of Longitudinal Veterans Affairs Normative Aging Study, beginning in 1961
    Location: United States (greater Boston area)
     Research aim: to examine the association of third molar status with prevalent and incident caries and periodontal 
outcomes in adjacent second molars
Participants   Healthy male patients who had both first and second molars present in at least 1 quadrant at baseline and had at 
least 1 follow-up. Examinations were performed every 3 years with a duration to > 25 years
     Number of participants: 416 subjects (804 third molars) from 1231 enrolled patients met the inclusion criteria
    Age of entry to the trial (mean+/- standard deviation (SD)): 45.8 years 9 months +/- 7.4 years
     Baseline characteristics: analyses were adjusted for baseline age, smoking status, education and baseline second 
molar measures
Interventions  Retention of asymptomatic wisdom teeth compared to absence of the wisdom teeth (previously extracted or 
agenesis at baseline)
Outcomes  Second molar pathology:
    1. caries
    2. distal probing depth > 4mm
    3. distal alveolar bone loss
    These outcomes were measured every 3 years.
     Clinical outcomes (caries and probing depths > 4mm) measured by a trained, calibrated periodontist. Radiological 
outcome (alveolar bone loss and caries) measured by board-certified oral and maxillofacial surgeon and a board-
certified oral and maxillofacial radiologist. Alveolar bone loss was measured with a Schei ruler.
Notes   The risk of bias is assessed to be serious for this study. See ACROBAT NRS table for specification. 
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Risk of bias table (ACROBAT NRS)
Bias      Authors’ judgement  Support for judgement
Confounding    Serious risk     Analyses were adjusted for baseline age, smoking status, education and 
baseline second molar measures. However, oral health status such as oral 
hygiene and frequency of dental checkups are not measured. These factors 
may contribute to the development of second molar pathology. However, 
‘participants enrolled in the study returning for follow-ups are likely to be 
more health aware than their age-matched peers in the community and 
practice better health behaviors’. This would suggest more motivated 
participants in this study compared to the overall population. Therefore the 
predicted direction of bias due to oral health status confounding favours 
retention (presence) and it is likely that the effect estimate would be even 
higher if was adjusted.
Selection of    Moderate risk    Only male volunteers were included. However, gender is not expected to
participants            contribute to the development of second molar pathology. Some participants
into the study          lost third molars before the start of follow up – in the target randomised trial 
for this study participants would be followed from the time the third molars 
were removed. As third molars were removed before the start of follow up a 
potentially important amount of follow up time is missing
Measurement   Low risk     Intervention status well defined and based solely on information collected
of interventions         at time of intervention
Departures from    Moderate risk   There is likely to have been switching of participants from retention to
intended interventions       removal but this switching occurs as part of the natural course of events
Missing data    Serious risk     1231 volunteers enrolled in the Dental Longitudinal Study beginning in 1969 
(Kapur et al. 1972), but only 416 analysed. This first study could not be 
obtained. Those with problems from third molars are likely to have them 
removed before the study was initiated and therefore this study has a serious 
risk of bias due to missing data.
Measurement   Moderate    Caries, probing depths and alveolar bone loss were assessed clinically and 
of outcomes            on radiographs adequately. Blinding was not possible, however we do not 
expect that non-blinding would have influenced the results.
Selection of the   Moderate    There is no evidence to suggest multiple outcome measurements and/or
reported results          multiple analyses were conducted for each outcome. Only participants with 
both 1st and 2nd molars in at least one quadrant are included in the study 
rather than the whole subset of 1231 volunteers in the Dental Longitudinal 
Study. There is no a priori measurement or analysis plan.
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TABLE 3.2 
Characteristics of excluded studies 
Study      Reason
Ades 1990     Retrospective design
Blakey 2009      Short follow-up for (< 5 years), not impacted third molars
Coleman 2011     Short follow-up (< 5 years)
Dicus 2010     Comparison of 2 different cohorts
Dicus-Brookes 2013   Only symptomatic third molars were included
Fisher 2012     No comparison between retention and extraction or absence and presence of third molars
Fisher 2013      No comparison between retention and extraction or absence and presence of third molars. Short 
follow-up (< 5 years)
Garaas 2012     No comparison between retention and extraction or absence and presence of third molars
Golden 2015     No comparison between retention and extraction or absence and presence of third molars
Haug 2005     No comparison between retention and extraction or absence and presence of third molars
Huang 2014      Short follow-up (< 5 years)
Lindqvist 1982     Split-mouth study, which is an inappropriate design to evaluate crowding of teeth
Moss 2007      Cross sectional design
Moss 2007a     Cross sectional design
Moss 2009      Only obstetric patients with periodontal disease were included
Moss 2013      Only obstetric patients with periodontal disease were included
Moss 2013a      Only obstetric patients with periodontal disease were included
Nemcovsky 1997     Removal of second molars (not third molars)
Offenbacher 2012    Cross sectional design
Rahman 2009     Cross sectional design
Venta 1993      The data was not presented at patient, but at sextant level. Participants who had wisdom teeth 
removed during the study were excluded from analyses. The senior author was contacted 
succesfully, but the complete dataset was not available
Venta 1993a     Retrospective design.
Venta 2015     No comparison between retention and extraction or absence and presence of third molars
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Appendices
APPENDIX 1: 
The Cochrane Oral Health Group’s Trials Register search strategy
From June 2015, searches of the Cochrane Oral Health Group Trials Register were conducted using the Cochrane Register of Studies 
and the search strategy below:
 1  ((“third molar*” or “wisdom tooth” or “wisdom teeth” or “3rd molar*” or third-molar):ti,ab) AND (INREGISTER)
 2  (retain* or retention or present* or presence):ti,ab
 3  ((extract* or remov* or absent* or missing or absence):ti,ab) AND (INREGISTER)
 4  #2 and #3
 5  (asymptom*:ti,ab) AND (INREGISTER)
 6  ((symptomless or symptom-free or “symptom free”):ti,ab) AND (INREGISTER)
 7  ((“trouble free” or trouble-free):ti,ab) AND (INREGISTER)
 8  (#5 or #6 or #7) AND (INREGISTER)
 9  #4 or #8
 10  (#1 and #4 and #9) AND (INREGISTER)
Previous searches of this database were conducted using the Procite software and the search strategy below:
((“third molar*” OR “molar third” OR “wisdom teeth” or “wisdom tooth” OR “third-molar*” or “3rd molar*”) AND (impact* or 
unerupt*) AND (“Tooth extraction” or extract* or remov* or asymptom* or “trouble free” or trouble-free or “symptom free”))
APPENDIX 2: 
The Cochrane Central Register  
of Controlled Trials (CENTRAL) search strategy 
 #1  [mh ^”molar, third”]
 #2  (“third molar*” or “wisdom teeth” or “wisdom tooth” or “3rd molar*” or third-molar*)
 #3  #1 or #2
 #4  [mh ^”Tooth extraction”]
 #5  (extract* or remov* or absent* or missing or absence)
 #6  #4 or #5
 #7  (retain* or retention or present* or presence)
 #8  #6 and #7
 #9  asymptom*
 #10  (symptomless or symptom-free or “symptom free”)
 #11  (trouble-free or “trouble free”)
 #12  1-#11
 #13  #8 or #12
 #14  #3 and #13
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APPENDIX 3: 
MEDLINE via OVID search strategy 
 1.   Molar, Third/
 2.  (“third molar*” or “wisdom tooth” or “wisdom teeth” or “3rd molar*” or third-molar).mp.
 3.  1 or 2
 4.  Tooth extraction/
 5.  (extract$ or remov$ or absent$ or missing or absence).mp.
 6.  4 or 5
 7.  (retain$ or retention or present$ or presence).mp.
 8.  6 and 7
 9.  asymptom$.mp.
 10.  (symptomless or symptom-free or “symptom free”).mp.
 11.   (trouble-free or “trouble free”).mp.
 12.   or/9-11
 13.   8 or 12
 14.   3 and 13
APPENDIX 4: 
EMBASE via OVID search strategy 
 1.   Molar tooth/
 2.   (“third molar$” or “wisdom tooth” or “wisdom teeth” or “3rd molar$” or third-molar$).mp.
 3.   1 or 2
 4.   Tooth extraction/
 5.   (extract$ or remov$ or absent$ or missing or absence).mp.
 6.   4 or 5
 7.   (retain$ or retention or presence).mp.
 8.  ((present or presence) adj3 (tooth or teeth or molar)).mp.
 9.  7 or 8
 10.  6 and 9
 11.   asymptom$.mp.
 12.   (symptomless or symptom-free or “symptom free”).mp.
 13.   (trouble-free or “trouble free”).mp.
 14.   or/11-13
 15.   10 or 14
 16.   3 and 15
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APPENDIX 5:
ClinicalTrials.gov 
asymptomatic and third and molar
asymptomatic and wisdom and tooth
asymptomatic and wisdom and teeth
APPENDIX 6: 
WHO International clinical trials registry platform 
asymptomatic and third molar
asymptomatic and wisdom tooth
asymptomatic and wisdom teeth
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ABSTRACT
Objectives:
This study investigated the diagnostic accuracy of cone beam computed tomography (CBCT) 
compared to panoramic radiography in determining the anatomical position of the impacted 
third molar in relation with the mandibular canal. 
Methods:
The study sample comprised 53 third molars from 40 patients with an increased risk of 
inferior alveolar nerve (IAN) injury. The panoramic and CBCT features (predictive variables) 
were correlated with IAN exposure and injury (outcome variables). Sensitivity and specificity 
of modalities in predicting IAN exposure were compared. 
Results:
The IAN was exposed in 23 cases during third molar removal and injury occurred in 5 
patients. No significant difference in sensitivity and specificity was found between both 
modalities in predicting IAN exposure. To date, lingual position of the mandibular canal was 
significantly associated with IAN injury. 
Conclusions:
CBCT was not more accurate at predicting IAN exposure during third molar removal, 
however, did elucidate the 3D relationship of the third molar root to the mandibular canal; 
the coronal sections allowed a bucco-lingual appreciation of the mandibular canal to identify 
cases in which a lingually placed IAN is at risk during surgery. This observation dictates the 
surgical approach how to remove the third molar, so the IAN will not be subjected to 
pressure.
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Introduction
Damage to the inferior alveolar nerve (IAN) is a serious complication following third molar 
removal. The overall risk of temporary IAN injury associated with third molar removal ranges 
from 0.4% to 6%1,2. The reported rate of permanent IAN injury, in which the sensory 
impairment lasts longer than 6 months, is less than 1%1,2. The overall risk of permanent 
impairment during third molar removal is low, but a significant number of patients are 
affected because many third molars are removed.
The most evident risk factor for injury of the IAN is the proximity of the root of the third 
molar to the mandibular canal1-3. When a close relationship between the third molar and the 
mandibular canal is observed radiographically, the risk of temporary IAN injury increases4,5. It 
is important to assess the position, and establish the relationship, of the third molar with the 
mandibular canal preoperatively to minimize the risk of nerve injury. Panoramic radiography 
is the standard diagnostic tool for this purpose. Clinicians use various radiographic markers 
to indicate a close relationship between the third molar and the mandibular canal5. If the 
radiological marker on the panoramic radiograph indicates there is a close relationship 
between the third molar and the mandibular canal, additional investigation using computed 
tomography (CT) may be recommended to verify the relationship in a three-dimensional 
(3D) view6-8. The drawbacks of CT are the higher radiation dose9 and increased financial 
costs compared with panoramic imaging.
Cone beam computed tomography (CBCT) has been introduced to improve conventional CT, 
because it reduces the radiation dose10, offers high spatial resolution11 and decreases costs. 
CBCT provides better image quality of teeth and their surrounding structures compared with 
conventional CT12,13. CBCT seems to be a more accurate imaging modality for determining the 
relationship of the third molar to the mandibular canal. To justify the application of CBCT in 
the preoperative assessment of impacted third molars, it is necessary to assess whether it 
gives the practitioner a more detailed insight into the anatomical relationship of the third 
molar and the mandibular canal than conventional imaging techniques. CBCT is a relatively 
new imaging technique so there is little literature available concerning its diagnostic value. 
This study aims to investigate the potential benefits of CBCT by comparing the diagnostic 
accuracy of CBCT and panoramic radiography in predicting IAN exposure and evaluating the 
reliability of CBCT in determining the bucco-lingual position of the third molar in relation to 
the mandibular canal.
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Material and Methods
STUDY SAMPLE/DESIGN
This is a prospective study of consecutive patients who consulted the department of Oral 
and Maxillofacial Surgery, for mandibular third molar removal between February 2007 and 
September 2007. A power analysis was performed based on data obtained from the 
literature14,15. 
Patients thought to have a close relationship between the mandibular canal and one or both 
mandibular third molars, diagnosed from digital panoramic radiographs, underwent 
additional CBCT imaging. 42 patients, with 56 impacted mandibular third molars (22 women 
and 20 men) were enrolled in this study. Patients with radiological evidence of a cyst and 
those for whom the time interval between imaging and third molar removal exceeded 6 
months, were excluded from the study. All were informed of possible complications following 
removal of the third molar and written informed consent was obtained from all patients.
SYSTEM SPECIFICATIONS
Digital panoramic radiographs were taken with a Soredex Cranex Tome device (Soredex, 
Helsinki, Finland), operated at 81 kV and 10 mA using a photostimulable phosphor plate. The 
CBCT mandibular scan was acquired using i-CAT™ 3-D Imaging System (Imaging Sciences 
International Inc, Hatfield, PA, USA). The scanner specifications are listed in Table 4.1.
TABLE 4.1: 
i-CATTM 3-D imaging system specifications for mandibular scan
X-ray source    High frequency, constant potential, fixed anode 120 kVp, 3–8 mA (pulse mode)
X-ray beam   Cone-beam
Focal spot   0.5 mm
Field of view   6 cm
Image detector  Amorphous silicon flat panel 20 cm * 25 cm
Voxel size   0.25 mm
Gray scale   14 bit
Scan time   20 s
Radiation dose  32 μSv
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CLINICAL EVALUATION
All third molars were removed under local anaesthesia by 2 senior oral and maxillofacial 
surgeons who had at least 15 years’ experience of the procedure. After raising the 
mucoperiosteal flap, with a burr buccally and distally, bone was removed. If necessary, the 
tooth was sectioned one or more times. Postoperatively, after rinsing and irrigating, the 
extraction sites were examined to monitor if the IAN was visible.
POSTOPERATIVE SURVEILLANCE
The patients had a postoperative review appointment 2 weeks after surgery. Neurosensory 
disturbances of the lip and chin were assessed by measuring the function of the IAN with 
light touch sensation (large nerve fibres), using Semmes Weinstein (SW) monofilaments nr. 
1.65, 2.83 and 3.22, and thermal discrimination (small nerve fibres), by applying an aluminum 
rod (cold) and a Perspex rod (diameter 4 mm).
A test procedure using two alternative choices was used, as described by van der Glas et al.16. 
The contralateral halves of the lip and chin were taken as control site. The area with impaired 
sensation was drawn on the skin and recorded photographically. Patients with altered 
sensation returned 3 and 6 months postoperatively and their recovery pattern was noted. 
Patients who recovered fully within 6 months were defined as suffering from temporary IAN 
injury. Altered sensations lasting longer than 6 months were scored as permanent IAN injury. 
The neurosensory testing of all patients was carried out by one investigator.
8988
EVALUATION OF IMAGES
In a darkened room, the CBCT and panoramic images were shown in a random order on a 17’ 
inch PC monitor. Evaluation was carried out by two trained oral and maxillofacial surgeons, 
but not those who had surgically removed the wisdom teeth. Both were experienced in 
diagnosing maxillofacial structures and familiar with both imaging modalities. They were 
blinded for the clinical outcome.
Panoramic radiographs were scored for the presence or absence of the following radiographic 
signs, all of which had been reported to be suggestive of a close relationship between the 
mandibular canal and the third molar14,17: interruption of the white line of the mandibular 
canal wall; darkening of the root; diversion of the mandibular canal; narrowing of the 
mandibular canal; narrowing of the roots; and deflection of the roots. Using these marks,  
the investigators aimed to find the optimal diagnostic criteria for predicting IAN exposure 
from panoramic radiographs.
The CBCT images were assessed through the i-CAT Vision® software program. The implant 
planning screen and the multiplanar reconstruction (MPR) screen were used to scroll 
through the axial, sagittal and coronal planes. The slice thickness was 1 mm. The images 
were evaluated in all three dimensions to establish if the cortical layer of the mandibular 
canal between the third molar and IAN was still intact. The position of the mandibular canal 
with respect to the third molar was classified as lingual, buccal, interradicular  
or inferior (Figure 4.1).
FIGURE 4.1: 
classification of the position and relationship  
of the third molar root with the mandibular canal, as seen on CBCT images.
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STATISTICAL ANALYSIS
The panoramic and CBCT features (predictive variables) were correlated with the intra-
operative finding of IAN exposure and the postoperative occurrence of IAN injury (outcome 
variables). The X2 and Fisher’s exact test were used to assess the association between the 
predictor and outcome variables. Sensitivity, specificity, positive predictive value, negative 
predictive value and accuracy of each imaging modality in predicting IAN exposure were 
calculated. The difference between the sensitivity and specificity of panoramic radiography 
and CBCT were tested with a X2 test. Probability values less than 0.05 were considered 
statistically significant.
Possible predictors of radiographic signs for IAN exposure were tested with X2. After 
selection of significant predictors a stepwise logistic regression was carried out to obtain the 
effect after correction for the other predictors.
To judge the inter-observer agreement Kappa (K) values were calculated. A K value <0.40 
was considered poor agreement, 0.40–0.59 was fair agreement, 0.60–0.74 was good 
agreement and 0.75–1.00 was excellent agreement.
All statistical analyses were performed using the SAS program (SAS Institute Inc., Cary, NC, 
USA), version 9.1.
Results
3 of the 56 impacted third molars were excluded because digital panoramic radiographs were 
not available. The study sample consisted of 53 impacted third molars from 40 patients (20 
women and 20 men) with an average age of 27.6 years (ranging from 20 to 62 years).
Following removal of the 53 mandibular third molars, the IAN was exposed in 23 cases 
(43%). Based on neurosensory testing, temporary IAN injury occurred in 5 patients (9%). In 
4 of these 5 patients the inferior alveolar nerve was noted as exposed following the 
extraction. The frequency of temporary IAN injury after visualization of the IAN was 17%. 
After 6 months, 3 patients (6%) continued to have some sensory impairment, although in 
one patient this could not be verified using light touch sensation and thermal discrimination.
No significant correlation was observed between IAN exposure and postoperative sensory 
impairment compared with gender, site of extraction or angulation of the third molar.
The inter-observer agreement for CBCT, represented as the K-value in the assessment of the 
bucco-lingual position of the mandibular canal, was 0.80. The K-value in the assessment of 
9190
TABLE 4.2: 
Sensitivity, specificity and predictive values  
of the radiographic signs on panoramic radiographs
Panoramic radiographic signs  Sensitivity  Specificity  PPV   NPV  P value
Interruption of the white line  1.0    0.17    0.48  1.0   0.040
Darkening of the roots   0.74   0.63   0.61   0.76  0.007
Diversion of the canal    0.22   0.97   0.83  0.62  0.036
Narrowing of the canal   0.13    0.87   0.43  0.57  0.975
Narrowing of the roots   –    
Deflection of the roots   0    0.93   0   0.95  0.207
PPV, positive predictive value; NPV, negative predictive value
contact between the third molar root and the mandibular canal on CBCT images was 0.78. 
Owing to these excellent inter-observer agreements, the results achieved from one observer 
were used for further analysis.
In the assessment of panoramic radiographs the agreement was poor: K-value ranged from 
0.35 (darkening of the root) to 0.52 (interruption of the white line). Owing to this poor 
agreement the panoramic images were assessed again by both observers and consensus was 
reached by discussion. The results obtained from the consensus were used for further 
analyses.
Three of the panoramic radiographic signs were statistically associated with IAN exposure: 
interruption of the white line, darkening of the root, and diversion of the mandibular canal 
(Table 4.2). Stepwise logistic regression analysis of these predictor variables was performed 
and only one radiographic sign, darkening of the tooth root, was taken into the model and 
showed a significant association with IAN exposure (P=0.007) with an odds-ratio of 0.204 
(95% CI 0.062–0.672).
As determined on CBCT images, the mandibular canal was positioned lingual to the third 
molar in 49% of cases, 17% were buccal, 19% inferior and 15% interradicular. The rates of 
IAN exposure and IAN injury following third molar removal were significantly correlated with 
the position of the mandibular canal as seen on CBCT images (Table 4.3). The IAN was more 
frequently exposed following third molar extraction when the mandibular canal was situated 
lingually than in a buccal position (P <0.02). In all patients with postoperative sensory 
impairments the mandibular canal was positioned lingual to the third molar roots as seen on 
CBCT images (P<0.02).
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In 48 cases in which one or both white lines of the mandibular canal were interrupted, as 
scored on panoramic radiographs, 42 (88%)showed contact between the third molar roots 
and the mandibular canal on CBCT.
The diagnostic accuracy of panoramic radiography and CBCT in predicting IAN exposure is 
given in Table 4.4. No significant differences in sensitivity and specificity between the cone 
beam CT and panoramic radiography in predicting inferior alveolar nerve exposure were 
seen. As example, two cases are shown in Figure 4.2 and Figure 4.3.
TABLE 4.3: 
Relationship between the bucco-lingual position of the mandibular canal with IAN 
exposure during third molar removal and postoperative sensory disturbances.
Position      Number   Contact    IAN   IAN    Postoperative
CBCT          CBCT    visible   not visible  sensory impairment
Lingual * +     26    26    15   11    5*
Interradicular     8    8    5   3    0
Buccal +      9    7    1   8    0
Inferior      10    4    2   8    0
Total      53    45    23   30    5
* indicates; p< 0.05
TABLE 4.4: 
Diagnostic accuracy of CBCT images and panoramic radiographs in predicting IAN 
exposure during thirdmolar removal.
      TP  TN  FN  FP  Sensitivity  Specificity  PPV NPV Accuracy
Panoramic    23  1  0  29  1,0    0,03   0,44 1,0  0,45
radiography
Cone Beam CT   22  7  1  23  0,96   0,23   0,49 0,88 0,55
TP, true positive; TN, true negative; FN, false negative; FP, false positive; PPV, positive predictive value; NPV,  
negative predictive value. 
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FIGURE 4.2: 
Panoramic radiograph show darkening of the roots of the 38 and interruption of the white 
lines of the mandibular canal (A). Transversal (B) and coronal (C) CBCT images show a 
flattened mandibular canal between the root and buccal cortex with disappearance of the 
cortical layern of the mandibular canal. The IAN was exposed during removal as was 
expected from the CBCT images. 
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FIGURE 4.3: 
Panoramic radiograph shows darkening of the distal root of the 38 and interruption of the 
superior white line of the mandibular canal (A). However, transversal (B) and coronal (C) 
CBCT images clearly show the presence of bone tissue between the mandibular canal and 
third molar root. The neurovascular bundle was not exposed during removal as was expected 
from the CBCT images. 
Discussion
A well-described risk factor that is signifi cantly correlated with IAN injury following third 
molar removal is exposure of the neurovascular bundle during extraction4,5,15,18. In this study 
postoperative sensory disturbances occurred in 17% of cases of IAN exposure during 
removal, which is in agreement with other studies1,14,15,18. An accurate preoperative prediction 
of IAN exposure is important to determine the risk of IAN injury. This information can be 
helpful in deciding whether to remove a symptomless third molar and can be used to obtain 
correct informed consent.
The panoramic radiograph is the standard diagnostic tool in the preoperative assessment of 
mandibular third molars and their relationship with the mandibular canal. Clinical studies 
have identifi ed radiographic signs on panoramic radiographs that indicate a high risk of IAN 
exposure or IAN injury following third molar removal. In this study, the panoramic signs, 
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interruption of the white line, darkening of the root and deviation of the mandibular canal 
were significantly associated with IAN exposure. This results are in agreement with a study 
by Rood and Shehab, who analysed the association of panoramic signs of 1560 third molars 
and IAN injury. In most cases a combination of these signs is present on the panoramic 
radiograph, so the authors performed a logistic regression analysis to obtain the optimal 
independent radiographic sign that could predict IAN exposure17. Only one radiographic sign, 
darkening of the root, was significantly associated with IAN exposure. This result 
corroborates other reports, that darkening of the root is one of the most significant 
radiographic signs in predicting IAN exposure14, and IAN injury4,17.
The usefulness of CBCT has been described in endodontology19 implantology20, 
periodontology21 and oral surgery22, but few systematic validation studies are available. One 
study has reported the diagnostic accuracy of CBCT in predicting IAN exposure following 
third molar removal15.
Tantanapornkul et al. concluded that the 3DX CBCT (Morita Corp.) was significantly more 
accurate compared with panoramic radiography in predicting IAN exposure during third 
molar removal with a sensitivity of 93% and a specificity of 77%15. In the present study, a 
comparable high sensitivity (96%), but a lower specificity (23%) for the i-CAT CBCT was 
scored. Owing to the low specificity, no significant difference in the diagnostic accuracy 
between the i-CAT CBCT and panoramic radiography in the prediction of IAN exposure was 
measured. The authors found the same positive predictive value (0.49) for the i-CAT CBCT 
as Tantanapornkul al. for the 3DX CBCT. This means that in the absence of cortical bone 
between the mandibular canal and the third molar root as seen on CBCT images, the IAN 
was visible during extraction in almost half of the cases. The negative predictive value for 
CBCT found in this study (0.88) was also comparable with that found in the study 
Tantanapornkul et al. (0.90). The only factor that could explain the lower specificity is the 
relatively high prevalence of positive test results and the low prevalence of negative test 
results in this study, due to the more strict selection criteria. In the present study sample, 
98% of cases had one or more radiographic signs on the panoramic radiograph that 
suggested a close relationship between the third molar root and the mandibular canal and 
85% of the cases showed contact on the CBCT. In the study of Tantanapornkul et al. these 
values were 44% and 36%, respectively. In cases in which one or more signs of an intimate 
relationship between the mandibular canal and the third molar roots is present on panoramic 
radiographs, the CBCT is not significantly more accurate in predicting IAN exposure 
compared with panoramic radiographs. This is mainly because if these signs are present on 
the panoramic radiographs, the third molar root is in contact with the mandibular canal on 
the CBCT images as well. The association of one of these radiographic signs, interruption of 
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the white line, with CBCT images is confirmed in a study by Nakagawa et al. 23. They 
concluded that in 86% of cases in which the superior white line of the mandibular canal was 
interrupted on panoramic radiographs, the CBCT images (PSR 9000, Asahi Roentgen) also 
showed contact between the third molar root and the mandibular canal. In the present study, 
the authors found a comparable high rate of 88%.
CBCT has a relative low accuracy in predicting IAN exposure in those highly selected cases 
where there is a close relationship between the mandibular canal and the third molar, 
however it is highly reliable in determining the bucco-lingual position of the mandibular canal 
with respect to the third molar. Tantanapornkul et al. also found a high inter-observer 
agreement in the assessment of the bucco-lingual position of the mandibular canal using the 
3DX Accuitomo CBCT.
The mandibular canal was more often positioned lingually to the third molar root than 
buccally. This is in accordance with some studies using volumetric imaging8,15, while others 
found more mandibular canals positioned buccally to the third molar root (Table 4.5)6,7,24
The position of the third molar in relation to the mandibular canal was a significant risk factor 
in the occurrence of IAN exposure. The IAN was more frequently exposed during third molar 
removal when the mandibular canal was positioned at the lingual side or interradicular to the 
third molar root rather than buccally. This result was in agreement with other studies6.
To the authors’ knowledge, this is the only study in which a significant association has been 
found between the position of the mandibular canal in relation to the third molar and the 
occurrence of IAN injury. Patients are at higher risk of IAN injury in cases where the 
TABLE 4.5: 
the bucco-lingual position of the mandibular canal with the third molar root as 
reported in the literature
         Number   Buccal   Lingual   Between  Inferior 
                         roots 
Ghaeminia et al., 2008    53    17%    49%   15%    19%
Tantanapornkul et al. 2007     142    25%   26%   4%    45%
de Melo Albert et al. 2006   29    45%   48%       7%
Ohman et al. 2006     90    31%    33%   10%   26%
Monaco et al. 2004     73    25%   19%   5%    51%
Maegawa et al. 2003     47    51%    26%   4%    19%
Miller et al. 1990      31    45%   39%       16%
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mandibular canal is positioned lingually to the third molar root. This could be because the 
surgeon always starts his surgical approach, even in case of a lingually positioned IAN, at the 
buccal side of the wisdom tooth, generating unfavorable lingually directed forces.
Maegawa et al. reported the same finding using medical CT, although their results were not 
significant6. Howe and Poyton reported that grooving of the tooth root mainly occurs at the 
lingual site, indicating a high risk of IAN injury4. Ohman et al. also found that in most teeth 
that showed grooving of the root on medical CT images, the mandibular canal was positioned 
lingually to the third molar root8. In the present study, 4 patients had sensory impairment 
after exposure of the neurovascular bundle during third molar removal. In one case, the 
neurovascular bundle was damaged directly by the burr, due to a sudden movement by the 
patient. After reviewing the CBCT images of the other 3 patients, the authors found grooving 
of the tooth root at the lingual side in all cases (Figure 4.4). These cases also showed the 
radiographic sign, darkening of the tooth root, on the panoramic radiographs. Other studies 
have corroborated the association between darkening of the third molar root on panoramic 
radiographs with grooving of the root4,8 and IAN injury4,5,8,17. 
FIGURE 4.4: 
Three cases are shown with darkening of 
the tooth root on panoramic radiographs 
(A). The corresponding coronal CBCT 
images show grooving of the tooth root at 
the lingual side (B). In all these cases the 
IAN was exposed during surgery and 
postoperative sensory impairments 
occurred in all these patients. One patient 
continued to have some degree of sensory 
impairment after 6 months.
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CBCT scanners produce a lower radiation dose than medical CT scanners. According to the 
European Guidelines on radiation protection in dental radiology, an effective dose in the range 
of 364–1200 μSv is provided by a medical CT scan of the mandible25. The radiation dose of 
CBCT scanners depends on the apparatus used. According to Ludlow et al., the i-CAT produces 
an effective dose of approximately 135 μSv for a full field of view scan, which is in accordance 
with the data provided by the manufacturer10. The same data give an effective dose of 32 μSv 
for a mandible i-CAT scan. With an approximate dose of 32 μSv for a mandible scan, the 
effective dose would be reduced by a factor 11–37 compared with a medical CT scan. The CBCT 
scan gives a higher radiation dose than conventional panoramic radiographs, which are in the 
range 4–30 μSv. A sectional panoramic view, capable of imaging the mandible alone, would 
reduce the dose even further. It is important to weigh up the potential benefits of using CBCT 
images against the risk of extra exposure to ionizing radiation.
Conclusion
The results of this study show that CBCT is not better than panoramic radiography in 
predicting IAN exposure in patients who are at high risk of IAN injury. CBCT images provide 
a reliable insight in the bucco-lingual relationship between the third molar root and the 
mandibular canal, which cannot be achieved with panoramic radiography. This information is 
important when planning and carrying out the surgical removal, to avoid subjecting the 
mandibular canal to pressure from movements of the roots or the careless use of burrs and 
elevators. Knowing the bucco-lingual position of the mandibular canal in relation to the third 
molar root is valuable because it identifies cases that are at higher risk of IAN injury: patients 
with a lingually positioned mandibular canal and grooving of the third molar root. In these 
cases the information could help to decide whether to extract the tooth or to provide a 
coronectomy to prevent IAN injury 26. The patient can also be more adequately informed 
about his or her risk profile. In the authors’ view, a CBCT image is specifically indicated when 
the panoramic radiograph shows that the apex of the third molar root touches or crosses the 
inferior border of the mandibular canal. Additional multicenter studies are required to 
determine cases in which panoramic radiographs are sufficient to prevent injury of the IAN or 
when additional CBCT imaging is needed.
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ABSTRACT
Objectives:
This prospective study evaluated the role of cone beam computed tomography (CBCT) in the 
treatment of patients with impacted mandibular third molars at increased risk of inferior 
alveolar nerve (IAN) injury. 
Methods:
Subjects with an increased risk of IAN injury, as diagnosed on panoramic radiographs, were 
enrolled in this study and underwent additional CBCT imaging. Two oral maxillofacial 
surgeons independently planned the surgical technique and estimated the risk of IAN injury 
on panoramic radiographs and on CBCT images. A test of symmetry and the McNemar test 
were executed to calculate the differences between the two imaging modalities. 
Results:
The study sample comprised 40 patients (mean age 27.6 years) presenting 53 mandibular 
third molars. Risk assessment for IAN injury based on panoramic radiography compared with 
CBCT imaging differed significantly (P < 0.005). After reviewing the CBCT images, 
significantly more subjects were reclassified to a lower risk for IAN injury compared with the 
panoramic radiograph assessments. This change in risk assessment also resulted in a 
significantly different surgical approach (P < 0.03). 
Conclusion:
The results of this study show that CBCT contributes to optimal risk assessment and, as a 
consequence, to more adequate surgical planning, compared with panoramic radiography.
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Introduction
The removal of third molars is one of the most common surgical procedures performed  
by oral and maxillofacial surgeons, often followed by an uneventful convalescence. As with 
any surgical procedure, the removal of third molars is associated with complications, 
including damage to the inferior alveolar nerve (IAN) with subsequent neurosensory 
impairment in the lower lip and chin. Removal of impacted mandibular third molars is the 
main cause of permanent IAN injury, outweighing implant and orthognathic surgery as an 
etiological factor1,2
Many studies have investigated the risk factors influencing the prevalence of IAN injury after 
the removal of mandibular third molars3-5. In those most at risk of IAN injury, the third molar 
root lies close to the mandibular canal3,6-8. In these cases, the IAN may be injured during third 
molar removal, directly by surgical instruments3,9-11, or indirectly by the manipulation of the 
IAN during unfavourable movements of the third molar roots12,13. This risk can be reduced by 
preoperative radiographic assessment of the anatomical relationship of the third molar root 
and the mandibular canal. This information should help the surgeon to determine the risk  
of postoperative sensory impairment and to modify the operative technique to minimize  
the risk of IAN injury.
Whilst different imaging techniques are available for this purpose14, in many cases a 
panoramic radiograph suffices in the preoperative assessment of the impacted third molar.  
If the mandibular canal and the third molar are close it is more difficult to evaluate the 
anatomical relationship because there is insufficient information on the bucco-lingual view10. 
In such cases, three-dimensional (3D) imaging, such as computed tomography (CT) or cone 
beam CT (CBCT) may be valuable15-17. CBCT has been reported to be a reliable imaging 
modality in the assessment of the bucco-lingual position of the mandibular canal in relation 
to the third molar 18. The usefulness of the additional information provided by 3D imaging  
in the presurgical workup and management of impacted third molars is a topic for 
discussion19,20.
The aim of the present study was to evaluate if the additional information provided by CBCT 
images influences the surgical strategy in the treatment of patients with impacted 
mandibular third molars in high-risk cases. More specifically, it considered whether there  
is any difference in risk assessment for IAN injury when using CBCT and panoramic 
radiography and whether this results in a different surgical approach.
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Materials and methods
Consecutive patients, who consulted for mandibular third molar extraction, were potential 
candidates for this prospective study. Only subjects with one or both impacted third molars 
at risk of IAN injury, as diagnosed on digital panoramic radiographs, underwent additional 
CBCT imaging and were enrolled in this study. Increased risk of IAN injury was defined as  
the presence of one or more radiographic signs, which have been reported to be suggestive 
of a close relationship between the mandibular canal and third molar, such as: interruption  
of the white line of the mandibular canal wall; darkening of the root; diversion of the 
mandibular canal; narrowing of the mandibular canal; narrowing of the roots; and deflection 
of the roots 5. All patients were informed of possible complications following the removal  
of the third molar and written informed consent was obtained from all subjects.
Digital panoramic radiographs were made with a Soredex Cranex Tome device (Soredex, 
Helsinki, Finland), operated at 81 kV and 10 mA using a photostimulable phosphor plate.  
The CBCT mandibular scan was acquired using the i-CAT™ 3D imaging system (Imaging 
Sciences International Inc, Hatfield, PA, USA). The scanner specifications are listed  
in Table 4.1.
In a darkened room, the panoramic radiographs of all patients were demonstrated in 
randomized order followed by the CBCT images on a 17 inch PC monitor. Evaluation was 
carried out by two trained oral and maxillofacial surgeons independently. Both surgeons were 
experienced in diagnosing maxillofacial structures from both imaging modalities and were 
blinded for the clinical outcome.
CBCT images were assessed using the i-CAT Vision® software program (Imaging Sciences 
International Inc, Hatfield, USA). The implant planning screen and the multiplanar 
reconstruction screen were employed to scroll through the axial, sagittal and coronal planes. 
The slice thickness was 1 mm. The panoramic radiographs were assessed through the 
Digora® software program (Digora for Windows 2.5 Rev 1©, Soredex, Tuusula, Finland).  
The surgeons could use the toolbar to adjust the contrast or use the zoom function.
The vertical relationship between the third molar root and the mandibular canal, as seen on 
panoramic radiographs, was assessed into the following categories: 1, the root apex just 
touching the upper wall of the mandibular canal; 2, the root apex halfway along the 
mandibular canal; or 3, the root apex under the inferior wall of the mandibular canal  
(Figure. 5.1). 
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The bucco-lingual relationships of the mandibular canal in relation to the roots of the third 
molar, as observed on CBCT images in sagittal, transversal and coronal dimensions, were 
classified as lingual, buccal, interradicular or inferior.
In the light of an overall risk of approximately 1%3,21, the risk of permanent IAN injury was 
evaluated from both imaging modalities independently, based on a 5-degree scale (no risk, 
small risk, moderate risk, high risk, and very high risk).
The surgeons planned their surgical technique based on information provided by panoramic 
radiographs and CBCT images. The surgical planning was divided in subgroups as listed in 
Table 5.2.
FIGURE 5.1
Vertical relationship between  
the third molar and the 
mandibular canal was 
classified into 3 categories 
according to the depth  
of the impacted tooth.
TABLE 5.2: 
Surgical planning was divided into 4 subgroups: removal of buccal bone (A), 
elevator placement (B), tooth sectioning (C) and direction of tooth removal (D).
 Subgroup     Question            Answer
A Removal of buccal bone   I can remove buccal bone until the bifurcation safely  
without damaging the IAN         Yes/No
B Elevator placement   I can place the elevator safely without crushing the IAN  Yes/No
C Tooth sectioning    1) I will decapitate the crown/roots to prevent IAN injury  Yes/No
        2)  After sectioning of the crown or fracture of the root,  
I can remove extrabuccal and distal bone safely without  
damaging the IAN          Yes/No
D Direction of tooth removal  To prevent injury to the IAN, I attempt to remove  
        the root/crown in a…..          1. lingual direction
                      2. buccal direction
                      3. buccal and lingual direction
                      4. undeterminable
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STATISTICAL ANALYSES 
To test the difference between CBCT and panoramic radiography in risk assessment for IAN 
injury, a test of symmetry was carried out. The McNemar test was executed to calculate the 
difference between CBCT and panoramic radiography in surgical planning. Probability values 
of less than 0.05 were considered statistically significant. All statistical analyses were 
performed by using the SAS program (SAS Institute Inc., Cary, NC, USA), version 9.1. 
Results
The study sample consisted of 53 impacted third molars from 40 patients (20 women and 
20 men) with an average age of 27.6 years (range 20–62 years). A statistically significant 
difference was present between risk assessment for IAN injury based on panoramic 
radiography and CBCT imaging. After reviewing the CBCT images, significantly more third 
molars were reclassified as having a lower risk for IAN injury than was assessed by 
panoramic radiographs (Table 5.3).
Significant correlation was also seen for the vertical relationship of the third molar with the 
mandibular canal and the difference in risk assessment between CBCT images and 
panoramic radiographs. In cases where the root apex was positioned more caudal to the 
inferior border of the mandibular canal, the risk of injuring the IAN was assessed significantly 
lower after reviewing the CBCT images (Table 5.3; P < 0.0001).
Observing the CBCT images gave rise to a different surgical approach from that based on 
information provided by panoramic radiographs (Table 5.4). After analyzing the CBCT 
images, both surgeons decided to remove buccal bone, to place elevators and to remove 
extra bone after root sectioning in significantly more cases than when using panoramic 
radiographs. In 87% of cases in which assessment was based solely on observing panoramic 
radiographs, both the surgeons were unable to determine whether they should luxate the 
third molar to the buccal or lingual side After observing the CBCT images, the surgeons were 
confident in their planned direction of third molar removal in all cases (Table 5.5).
TABLE 5.3: 
Change in risk assessment for IAN injury after reviewing CBCT images.
    Lower Risk assessment   Equal risk assessment   Higher risk assessment   P-value 
Surgeon 1  33 (62,3%)     15 (28,3%)     5 (9,4%)     0,0008
Surgeon 2  22 (41,5%)     27 (50,9%)     4 (7,6%)     0,005
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When the mandibular canal was positioned buccal to the third molar, in 88% of cases the 
surgeons planned to luxate the third molar in a buccal direction, thereby rotating the apex 
into a lingual direction. For the same reason, when the mandibular canal was positioned 
lingual to the third molar, the molar was luxated into a lingual direction (Table 5.6). The 
direction of luxation was significantly associated with the buccolingual relationship between 
third molar and mandibular canal as determined on CBCT images (P < 0.0001).
TABLE 5.4:
Surgical planning based on information provided  
by panoramic radiographs and CBCT images.
        Surgeon 1         Surgeon 2
        Panoramic  Cone   P-value  Panoramic  Cone   P-value
        Radiograph  beam CT     Radiograph  beam CT
        Yes  No  Yes  No     Yes  No  Yes  No 
A Removal of buccal bone*  37  16  47  6  0,008  24  29  50  3  <0,0001
B Elevator placement*   4  49  13  40  0,029  16  37  31  22  0,002
C1 Tooth sectioning    52  1  51  2  NS   50  3  48  5  NS
C2 Removal of extra bone*  28  25  41  12  0,003  22  31  41  12  <0,0001
* Statistically significant difference between panoramic radiographs and CBCT images (Mc Nemar’s Test).
TABLE 5.5: 
Surgical planning of the direction of tooth removal,  
based on information provided by panoramic radiographs and CBCT images.
        Surgeon 1         Surgeon 2
Direction of tooth removal  CBCT   Panoramic radiograph  CBCT   Panoramic radiograph
Buccal       8    5       9    7
Lingual       32    0       33    0
Buccal and Lingual    13    1       11    0
Undeterminable     0    47       0    46
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TABLE 5.6:
Association between the surgical planning of the direction of third molar removal 
and the buccolingual position of the mandibular canal in relation to the third molar 
root, as determined on CBCT images.
          Surgeon 1        Surgeon 2
          Direction of tooth removal    Direction of tooth removal
Position of mandibular canal on CBCT  Buccal Lingual  Buccal and lingual Buccal  Lingual  Buccal and lingual
Buccal         8*  0   1     8*  1   0
Lingual         0  26*   0     0  25*   1
Interradicular       0  1   7     0  4   4
Inferior         1  5   4     1  3   6
* Statistically significant association (P <0,0001)
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Discussion
Preoperative radiographic assessment of the anatomy of the impacted mandibular third 
molar and its relation with the mandibular canal is important to determine the risk of IAN 
injury9,21-24. Detailed information can be helpful when deciding whether to remove, not 
remove or how to remove a symptomless third molar and when obtaining correct informed 
consent21, 24. Preoperative information is important for planning the surgical approach and 
minimizing the risk of IAN injury9,10,23.
In the present study, risk assessment based on the CBCT images showed a significantly 
lower risk of IAN injury compared with assessment based on panoramic radiographs. These 
results are in agreement with a study performed by Susarla and Dodson, who investigated 
the role of medical CT in the preoperative assessment of mandibular third molars24. In their 
study, the majority of patients who were deemed to be at high risk for IAN injury based on 
panoramic radiographs, were reclassified to a lower risk category using medical CT. A 
statistically significant association was found between risk assessment and the clinical 
decision to extract the tooth. These results suggest that the clinical decision to intervene 
would be changed based on the additional information provided by a CT. This is in contrast to 
a retrospective study concluding that data obtained from the CT images had minimal effect 
on the treatment strategy, and the decision whether to remove the third molar20.
To the authors’ knowledge, this is the first prospective study in which CBCT has been used to 
determine the value of 3D information in the risk assessment of IAN injury and planning of 
the surgical technique in patients with impacted mandibular third molars. In the present 
study, CBCT images contributed to a dramatic change in insight regarding the anatomical 
relationship between the mandibular canal and the third molar, thereby significantly 
influencing the surgical approach. In cases of high vertical position of the mandibular canal, 
as observed by panoramic radiography, the surgeon is reluctant to remove buccal bone, 
assuming that the IAN might be positioned buccally. As indicated by the CBCT images, 
knowing that the IAN is positioned lingually, the surgeon is secure in reducing the buccal 
bone height and mobilizing the impacted third molar in the right direction (Figure 5.2).
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The decision to perform a preoperative radiograph should be based on the ‘as low as 
reasonably achievable (ALARA) principle’, meaning that the radiographic technique with the 
lowest radiation dose should be used to obtain the information needed. With the 
introduction of CBCT, 3D low dose imaging has become more readily available in practice. A 
CBCT scan of the mandible only, as used in this study, produces an approximate dose of 47 
μSv25, thereby reducing the effective dose by a factor of 7–32 compared with medical CT26. 
For subjective image quality, CBCT seems to be superior to medical CT27. Owing to lower 
metal artefacts and higher contrast resolution, CBCT scanners perform better for bony detail 
assessment, which is essential for visualizing the mandibular canal and its relationship to the 
third molar root28. CBCT produces a higher radiation dose than conventional panoramic 
radiography, which is in the range of 3–30 μSv26. Therefore it is important to weigh up the 
potential benefits of using CBCT images against the risk of extra exposure. In the authors’ 
opinion, CBCT should be used only in cases where an intimate relationship between the third 
molar and the mandibular canal has been diagnosed on panoramic radiographs.
An important additional value of CBCT images is the possibility of determining the direction 
of luxating and extraction of the third molar, which in most cases cannot be done using only a 
panoramic radiograph. The majority of IAN injuries following third molar removal are the 
result of compression and traction of the nerve through movements of the third molar 
roots12,29. To prevent such injury, precautions whilst elevating a mesio-angular impacted third 
molar are advocated, because the roots could turn downward resulting in a compression 
injury of the IAN (Figure 5.3)9,23. Buccolingually directed movements of the third molar roots 
FIGURE. 5.2:
Impacted right mandibular third molar showing a high vertical position of the mandibular canal. With information solely provided by 
the panoramic radiograph (A) the surgeon does not know if the situation is (B) or (C), so is reluctant to remove buccal bone, for fear 
of damaging the IAN. With the knowledge that the IAN is positioned lingually, which can only be provided by CBCT, the surgeon can 
safely remove sufficient buccal bone.
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could also result in compression. Guided solely by a panoramic radiograph, the surgeon 
conventionally starts his surgical approach at the buccal side of the wisdom tooth, even in 
cases of a lingually positioned IAN, thereby generating unfavourable lingually directed forces. 
A high percentage of IAN injury has been reported in these cases18. When the surgeon knows 
that the IAN is positioned lingually, such injury can be prevented, for example, by luxating the 
crown in a lingual direction, thereby rotating the roots in the opposite direction from the 
mandibular canal (Figure 5.4 and Figure 5.5).
FIGURE 5.3: 
Removal of a mesioangular lower left 
third molar. Whilst elevating a mesio-
angular impacted third molar, the 
roots could turn downward resulting 
in a compression injury to the IAN.
FIGURE 5.4:
The use of 3D images in determining the direction of third molar removal. Guided by the 2D panoramic radiograph (A), the surgeon 
conventionally starts the surgical approach at the buccal side of the wisdom tooth, even in the case of a lingually positioned IAN, 
thereby generating unfavourable lingually directed forces (B). With information obtained from a 3D scan, the surgeon is able to 
adjust this approach by luxating the crown in a lingual direction and removing the root in an opposite direction, away from the 
mandibular canal (C).
 A           B         C
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FIGURE 5.5: 
Panoramic radiograph shows darkening of the roots of the 48 and interruption of the superior white line of the mandibular canal 
(A). The coronal CBCT image (B) shows a lingual position of the mandibular canal with the disappearance of bone tissue between 
the canal and third molar root, indicating a high risk of IAN injury. Guided by the CBCT images, the surgeon adjusted the surgical 
approach by removing sufficient buccal bone and removing the root in an opposite direction away from the neurovascular bundle, 
without manipulating it (C). The patient had no postoperative sensory impairment.
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Conclusion
The results of this pilot study show that CBCT imaging contributes to more comprehensive 
surgical planning and risk assessment, which may minimize the risk of IAN injury. To prove 
the usefulness of CBCT in reducing the prevalence of IAN injury, a large randomized clinical 
trial is needed with patients equally distributed in groups undergoing CBCT imaging and 
panoramic radiography. Owing to ethical issues, such a study cannot be carried out. In the 
authors’ opinion, if there is an intimate relationship between the third molar and mandibular 
canal, additional CBCT imaging is needed to inform the patient more adequately about the 
risk of nerve damage, and to improve surgical planning, thereby preventing movements of the 
roots causing pressure on the mandibular canal or the careless use of burs or elevators.
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Clinical relevance of cone beam computed
tomography in mandibular third molar removal:  
A multicenter, randomized, controlled trial
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ABSTRACT
Objectives:
The aims of this study were to investigate the effectiveness of cone beam computed 
tomography (CBCT) compared to panoramic radiography (PR), prior to mandibular third 
molar removal, in reducing patient morbidity, and to identify risk factors associated with 
inferior alveolar nerve (IAN) injury.
Methods:
This multicenter, randomized, controlled trial was performed at three centers in the 
Netherlands. Adults with an increased risk for IAN injury, as diagnosed from PR, were 
included in the study. In one arm of the study, patients underwent an additional CBCT prior 
to third molar surgery. In a second arm of the study, no additional radiographs were acquired. 
The primary outcome measure was the number of patient-reported altered sensations 1 week 
after surgery. As secondary outcome measures, the number of patients with objective IAN 
injury, with long-term (>6 months) IAN injury, the occurrence of other postoperative 
complications, the Oral Health Related Quality of Life–14 (OHIP-14) questionnaire responses, 
postoperative pain (visual analogue scale score), duration of surgery, number of emergency 
visits, and number of missed days of work or study were scored. 
Results:
A total of 268 patients with 320 mandibular third molars were analysed according to the 
intention-to-treat principle. The overall incidence of IAN injury 1 week after surgery was 
6.3%. No significant differences between CBCT and PR for temporary IAN injury (p = 0.64) 
and all other secondary outcomes were registered. A lingual position of the mandibular canal 
(MC) and narrowing, in which the diameter of the MC lumen was decreased at the contact 
area between the MC and the roots, were significant risk factors for temporary IAN injury. 
Conclusions:
Although CBCT is a valuable diagnostic adjunct for identification of an increased risk for IAN 
injury, the use of CBCT does not translate into a reduction of IAN injury and other 
postoperative complications, after removal of the complete mandibular third molar. In these 
selected cases of a high risk for IAN injury, an alternative strategy, such as monitoring or a 
coronectomy, might be more appropriate.
(http://clinicaltrials.gov, NCT02071030).
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Introduction
Removal of third molars is one of the most common surgical procedures for oral and 
maxillofacial surgeons, often followed by an uneventful convalescence. As with any surgical 
procedure, however, this procedure can also be associated with certain complications. One of 
the most distressing complications following mandibular third molar removal is damage to 
the inferior alveolar nerve (IAN) with subsequent neurosensory impairments in the lower lip 
and chin, which has a significant negative impact on the quality of life1.  The reported risk of 
temporary IAN injury associated with third molar removal ranges from 0.26% to 8.4%. The 
rate of permanent IAN injury, in which sensory impairment lasts longer than six months, is 
reported to be between 0.1 and 0.9%2-5. 
Attempts have been made to identify risk factors for nerve damage, in order to reduce the 
incidence of IAN injuries5. The most predictive factor for IAN damage is the proximity of the 
third molar root to the mandibular canal (MC)5. It is important to assess the position, and 
establish the relationship, of the third molar with the MC preoperatively to minimise the risk 
of nerve injury. Panoramic radiography (PR), which provides only two-dimensional (2D) 
information, is the standard diagnostic imaging modality for this purpose. Clinicians use 
various radiographic markers to indicate a close relationship between the third molar and the 
MC6-8. If the radiological marker on the panoramic radiograph indicates that there is a close 
relationship between the third molar and the MC, additional investigation using Cone Beam 
Computed Tomography (CBCT) may be recommended to verify the relationship in a three-
dimensional (3D) view9-11.
CBCT scans are gaining popularity and, as such, are more often used in the preoperative 
assessment of the third molar-MC relationship. A CBCT bears the disadvantage of higher 
costs12 and higher radiation exposure compared to PR.  Although the radiation exposure of 
CBCT differs widely between devices, the mean effective dose of the mandible alone is 
reported to be 102μSv13, which is five times higher compared to PR with an effective dose of 
approximately 24μSv14. Therefore, it is important to weigh up the potential benefits of using 
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CBCT against the higher costs and the risk of extra radiation exposure, especially in this 
group of young patients15.
A systematic review concluded that evidence regarding the efficacy of CBCT for impacted 
teeth is still limited and well-designed, randomised trials are needed to investigate the 
potential benefits of CBCT on the patient’s outcome16. 
Data from several retrospective studies and case series suggested a reduction in the 
incidence of IAN injury following third molar removal11,17, whilst others reported no differences 
in outcome18-20. 
Therefore, this study aimed to investigate the effectiveness of CBCT compared to PR on the 
degree of patient’s morbidity for this commonly performed surgical procedure. The 
hypothesis was tested that CBCT is superior compared to PR in reducing the risk of IAN 
injury and other complications following removal of mandibular third molars in patients being 
at an increased risk of IAN injury.
Material and methods
This RCT complies with the CONSORT statement 2010  
(http://www.consort-statement.org/).
STUDY DESIGN
The study was designed as a multicenter, randomized, controlled clinical trial with three 
participating departments of Oral and Maxillofacial (OMF) surgery, comprising the following: 
Radboud University Medical Center, Nijmegen, the Netherlands (RUMCN); Rijnstate 
Hospital, Arnhem, the Netherlands (RHA); and a private clinic in Nijmegen, the Netherlands 
(PCN). The trial and the clinical protocol were approved by the institutional review board 
(CCMO Arnhem-Nijmegen, NL: 40492.091.12). All patients were informed about the study 
and provided written informed consent. The study was registered with http://www.
clinicaltrials.gov under NCT02071030.
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PATIENT SELECTION AND RANDOMIZATION
Patients consulting for third molar removal received digital PR at their first clinical visit on a 
standard basis. Adults (>18 years of age) having one or two lower third molars with a close 
relationship with the MC were eligible for this study. The criterion for a close relationship 
was defined as an MC that was superimposed more than one half of the height of the MC by 
the roots of the third molar, which included the class 1, 2, and 3 relationship (Figure 6.1A).
Criteria for exclusion were pregnancy, radiological evidence of cyst or tumor, indication for 
removal under general anesthesia, preoperative neurosensory alterations, and the existence 
of an external CBCT.
The surgical assistant recruited and randomly assigned the patients, using a computer 
random generator, after logging in on a secured website. The allocation concealment was 
guaranteed through the Web-based central concealment.
Patients’ characteristics were recorded at baseline on the same website. These included 
possible risk factors associated with IAN injury and other postoperative complications.
FIGURE 6.1: 
Anatomical relationship between the mandibular canal (MC)  
and roots of the third molar.
(A) Vertical relationship between the mandibular canal (MC) and the roots of the third molar assessed on panoramic radiograph (PR). 
Class 1: the complete MC is overprojected by the third molar root(s); the apex lies beneath the inferior border of the MC. Class 2: the apex 
lies beneath one-half of the height of the MC until the inferior border of the MC. Class 3: the apex lies at one-half of the height of the MC. 
(B) Shape of the mandibular canal (MC) as assessed on cone beam computed tomography (CBCT). The shape of the MC was classified 
as round, oval, or narrowing, in which the diameter of the MC lumen decreased at the contact area between the MC and the roots.
A
B
CBCT
PR
Round
Class 1
Oval
Class 2
Narrowing
Class 3
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INTERVENTIONS
Patients were allocated either to one of two groups. In the PR group, participants received 
only digital PR, which was made for the assessment of eligibility. Soredex Cranex Tome 
(Soredex, Helsinki, Finland), Planmeca Promax (Planmeca, Helsinki, Finland), and Sirona 
Orthophos XG (Sirona Dental, Salzburg, Austria) devices were used. In the CBCT group, in 
addition to PR, a high-resolution mandible scan was acquired before surgery. The i-CAT™ 
3-D Imaging System (Imaging Sciences International Inc, Hatfield, PA, USA), Planmeca 
Promax 3D (Planmeca, Helsinki, Finland), and Galileos (Sirona Dental, Salzburg, Austria) 
were used. All surgeons were experienced in the assessment of CBCT and PR images. They 
based their surgical approach on information provided by the PAN and CBCT images, as 
described in a previous pilot study21. All lower third molars were removed under local 
anesthesia without sedation and without antibiotic prophylaxis. Surgical variables such as 
experience of the surgeon, duration of surgery, and technique for third molar removal were 
registered on the website. Other intraoperative findings, such as IAN exposure, excessive 
hemorrhage, and number and shape of roots were also noted. All patients received a pain 
diary with a visual analogue scale (VAS) and a validated Dutch version of the Oral Health 
Related Quality of Life–14 (OHIP-14) questionnaire forms22,23; data from 1 day before, until 7 
days after surgery were collected. A review appointment 7 days after surgery was made.
OUTCOMES
The primary outcome measure was the number of patient-reported altered sensations 1 week 
after surgery. The secondary outcome measures were as follows: the number of patients with 
an objective IAN injury; permanent IAN injury (>6 months); occurrence of other 
postoperative complications (wound infection, alveolar osteitis); Oral Health Related Quality 
of Life–14 (OHIP-14) questionnaire responses; pain (VAS score); duration of surgery; number 
of emergency visits; and number of missed days of work or study. At each centre, one 
blinded investigator assessed the primary and secondary outcome measures. The patients 
were asked about neurosensory disturbances of the lip and chin. The function of the IAN was 
assessed by light touch sensation tests using Semmes Weinstein (SW) monofilaments 1.65 
to 6.65, 2-P discrimination tests, brush-stroke test, pin-prick test, and thermal discrimination 
tests (Poort et al., 2009). Patients with altered sensation were examined at 3 weeks, 6 
weeks, 3 months, and 6 months postoperatively, to register their recovery pattern.
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EVALUATION OF IMAGES
Two surgeons assessed all PR and CBCT images. For the PR images the angulation of the 
lower third molar, depth of impaction (Pell and Gregory classification), the vertical 
relationship between the roots and the MC and signs indicating a close relationship 
according to Rood & Shehab classification 6, were all assessed. 
CBCT images were assessed on sagittal, transversal, and coronal slices of 0.2-mm thickness. 
The images were evaluated in all three dimensions to establish whether the cortical layer of 
the MC between the third molar and IAN was still intact. The position of the MC in relation 
to the third molar was classified as lingual, buccal, interradicular, or inferior. Furthermore,  
the shape of the MC was classified as a round, oval, or narrowing if the diameter of the MC 
lumen was decreased at the contact area between the MC and one or more roots  
(Figure 6.1B).
SAMPLE SIZE
Hypothesis-testing was conducted following the principles of superiority analysis (one-tailed test). 
Based an expected incidence of 12% in the PR group 8 and 4.6% in the CBCT group 9, 24-26,
two groups of evaluable 170 mandibular third molars were necessary with a power of 80%
at a significance level of 5%. When subjects violating the study protocol where taken into 
account, a total of 190 lower third molars were needed for inclusion in each group. 
STATISTICAL METHODS
The primary and secondary outcome measures were analysed according to the intention-to-
treat principle. The means and standard deviations of normally distributed variables were 
calculated and analysed by the independent-samples t-test. Nominal and dichotomous 
variables were analysed by the Fisher exact or the Chi-squared test.
Logistic regression analysis was performed in the per protocol group (Figure 6.2) to identify 
possible risk factors for IAN injury. The SAS® 9.2 software program (SAS Institute, Cary, NC, 
USA) was used for data analyses.
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Results
RANDOMIZATION AND BASELINE CHARACTERISTICS
Between June 2013 and June 2014, a total of 341 patients with 477 third molars in the lower 
jaw were randomised at the three centres (RUMCN, n = 193; RHA, n = 156; and PCN, n = 
128). In 27% of cases, patients did not make an appointment for third molar removal during 
the study period, and therefore more third molars were included than expected from the 
sample size calculations. Eventually, 268 patients with 320 mandibular third molars were 
analysed according to the intention-to-treat principle for the primary and secondary 
outcomes. The baseline characteristics and possible risk factors for postoperative 
complications were evenly distributed between the two intervention groups, and there was 
no difference in baseline characteristics between treated subjects and the nontreated or 
FIGURE 6.2: 
Flow of patients (number of third molars).
CBCT = cone beam computed tomography; PR = panoramic radiography; ITT = intention-to-treat, PP = per protocol.
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nonreturning subjects (Appendix A). Figure 6.2 represents the flow of the patients during the 
phases of the study. The results of the primary and secondary outcomes are presented in 6.1.
TABLE 6.1:
Primary and secondary outcomes (intention-to-treat analysis).
Outcome           CBCT (n = 156)    PR (n = 164)  P-value
             (%)       (%) 
Primary outcome
Subjective IAN injury (Day 7)       11 (7.1)     9 (5.5)    0.64
Secondary outcome
Objective IAN injury (Day 7)       8 (5.1)     8 (4.9)    1.0
Permanent IAN injury 
(> 8 months, mean 12 months)       5 (3.2)     2 (1.2)    0.27
Infection            24 (15.4)    31 (18.9)    0.77
Number of emergency visits       25       36     0.41
Days of work or study (mean +/- s.d.)      1.8 +/- 2.4    2.1 +/- 2.4   0.07
Duration of surgery in min (mean +/- s.d.)    11.1 +/- 7.3    11.9 +/- 8.8   0.91
Subjective difficulty of surgerya*                 0.035
 • Easy           11 (7.1)     7 (4.2)
 • Straightforward         37 (23.7)    38 (23.2)
 • Normal          68 (43.6)    59 (36.0)
 • Difficult          20 (12.8)    37 (22.6)
 • Very difficult         3 (1.9)     8 (4.9)
OHIP – 14 (Day 1-7) [0-56] (mean +/- s.d.)     17 +/- 11     18 +/- 13.3   0.95
 • Functional limitation [0-8]       1.5 +/- 1.7    1.5 +/- 1.7
 • Physical pain [0-8]         4.8  +/- 2.2    4.6 +/- 2.4
 • Psychological discomfort [0-8]     2.1 +/- 1.9    2.3 +/- 2.2 
 • Physical disability [0-8]        3.3 +/- 2.2    3.3 +/- 2.5
 • Psychological disability [0-8]      1.5 +/- 1.6    1.8 +/- 2.1
 • Social Disability [0-8]        2.7 +/- 2.1    2.6 +/- 2.2
 • Handicap [0-8]         1.7 +/- 2.0    1.9 +/- 2.4
Pain (VAS-score, day 1-7) [0-10] (mean +/- s.d.)   4.2 +/- 2.0    4.1 +/- 2.3   0.77
 • Day 1            5.3 +/- 2.3    4.8 +/- 2.6
 • Day 2            4.8 +/- 2.3    4.6 +/- 2.6
 • Day 3            4.6 +/- 2.3    4.3 +/- 2.6
 • Day 4            4.2 +/- 2.3    4.1 +/- 2.7
 • Day 5            3.8 +/- 2.4    4.0 +/- 2.6
 • Day 6            3.3 +/- 2.4    3.7 +/- 2.6
 • Day 7           2.7 +/- 2.4    3.2 +/- 2.7  
Abbreviations: CBCT= Cone Beam CT, PR=Panoramic radiography, IAN= Inferior alveolar nerve VAS = Visual Analogue Scale (range 
1-10), OHIP-14 = Oral Health Impact Profile 14, s.d.  = standard deviation
* Statistically significant difference (p<0.05)
a  Difficulty of surgery is rated within the scope of the inclusion criteria of the study (more complex removals)
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PRIMARY OUTCOME
The overall incidence of patient-reported altered sensations 1 week after surgery was 6.3%. 
For subjective IAN injury, 1 week after surgery, no significant difference was found between 
the CBCT and PR group (Fisher’s exact test, one-sided, p = 0.36).
SECONDARY OUTCOMES
Patients with temporary IAN injury showed significantly higher pain scores (mean 5.2 ± 1.9 
vs mean 4.1 ± 2.2, p = 0.02) and worse OHIP-14 scores regarding functional limitations 
(mean 2.8 ± 2.2 vs mean 1.2 ± 1.6, p = <0.003) and physical disability (mean 5.1 ± 2.5 vs 
mean 3.3 ± 2.3, p = <0.004) compared to patients without IAN injury.
No significant difference between the CBCT and PR group was observed for quality of life 
scores in the first week following third molar removal (OHIP-14 scores, p = 0.95), pain (VAS) 
scores from day 1 until day 7 (p = 0.77), objective IAN injury 1 week after third molar removal 
(p = 1.0), permanent IAN injury measured between 8 months and 16 months (mean 12 
months) following surgery (p = 0.27), number of third molars with a postoperative infection 
in the first 2 months (0.77), and duration of surgery (p = 0.99). Outcomes regarding direct 
and indirect cost issues of treatment, such as number of emergency visits (p = 0.41) and 
missed days of work or study (p = 0.074), were also not significantly different between the 
CBCT and PR groups.
RISK FACTORS
No statistically significant association with temporary IAN injury was found for age, gender, 
side of lower third molar removal, or experience of the surgeon (Table 6.2).
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TABLE 6.2: 
Risk factors for IAN injury (per protocol analysis).
Variable          IAN injury  No IAN injury Odds  95%CI    p- value
           (n= 20)   (n= 288)  Ratio
Demographic variables
Age                             0.62
 • 18-25y (R)        13    203    1
 • >26y          7    85    1.29   0.49-3.33
Gender                           0.23
 • Male (R)        4    100    1
 • Female         16    188    2.13   0.69-6.54  
Side                            0.36
 • 38          12    137    1.65
 • 48 (R)         8    151    1   0.66-4.17
Surgical variables     
Experience of the surgeon
 • Senior          11    163    0.94  0.38-2.33    1.0
 • Resident (R)       9    125    1
 • > 3000M3 removed (R)     15    203    1         0.80
 • <3000 M3 removed      5    85    1.26   0.44-3.57  
Anatomical variables PR     
Over projection root MC *                      < 0.0001
 • Class I          16    66    8.36  2.69-26
 • Class II (R)        4    138    1
 • Class >III         0    84    0.32  0 – 2.55
Signs of close relationship*                     < 0.0001
 • Darkening of the roots     15    74    NE
 • Interruption of white line     5    73    NE
 • Other signs        0    7    NE
 • No signs (R)       0    134    NE
Anatomical variables CBCT     (n=11)   (n=136)   
Buccolingual position MC*                      0.0002
 • Lingual         9    31    16.0   1.94-132
 • Buccal (R)        1    57    1
 • Inferior        0    41    NE
 • Interradiculair       1    7    8.14   0.46-145
Contact root with MC*                      < 0.0001
 • Yes          11    68    22.7  1.3-392
 • No (R)         0    68    1
Shape of MC*                        < 0.0001
 • Round/oval (R)       2    108    1
 • Narrowing        9    28    17.5   3.58-85.7 
Abbreviations: IAN = inferior alveolar nerve, CI = Confidence interval, y = year, (R) = reference, MC = mandibular canal,  
PR = panoramic radiograph, CBCT = Cone Beam CT, NE = non estimable
* Statistically significant association (p<0.05)
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Binary logistic regression analysis showed that the vertical distance between MC and root, as 
diagnosed using PR, was a risk factor for temporary IAN injury (p < 0.0001). The risk of IAN 
injury increased significantly in a class 1 relationship, when the complete MC was 
superimposed on the roots of the third molar. In addition, darkening of the roots and 
interruption of the white line of the MC were significantly associated with a higher risk of 
temporary IAN injury (p < 0.0001).
For CBCT, narrowing of the MC (p < 0.0001) and contact of the root with MC (p < 0.0001) 
were associated with an increased risk of temporary IAN injury. A lingual position of the MC 
had an approximately 16-fold increased risk for temporary IAN injury compared to a buccal 
position (odds ratio [OR] = 16, 95% confidence interval [CI] = 1.94–132, p < 0.009).
Figure 6.3 represents the incidence of temporary and permanent IAN injury categorized in 
the anatomical relationship between the third molar root and the MC. In the group of 
patients with a class 1 vertical relationship in combination with signs indicating a close 
relationship as diagnosed using PR, the incidence of temporary and permanent IAN injury 
was 25% and 11%, respectively. When CBCT was performed in this group of patients, the 
incidence was 58% and 42%, respectively, in cases of a lingual position in combination with 
narrowing of the MC at the contact area between the MC and the roots.
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PR = panoramic radiograph; MC = mandibular canal, CBCT = cone beam computed tomography; Temp = temporary IAN injury; 
Perm = permanent inferior alveolar nerve injury; T = total; NI = no inferior alveolar nerve injury; I = inferior alveolar nerve injury. *In 
the group of patients with a class 1 relationship in combination with signs indicating a close relationship between the MC and third 
molar root, the incidence of temporary and permanent IAN injury were 42% and 26%, respectively, if the mandibular canal was in a 
lingual or interradicular position. **In the group of patients with a class 1 relationship in combination with signs indicating a close 
relationship between the MC and third molar root, the incidence of temporary and permanent IAN injury was 58% and 42%, 
respectively, if the mandibular canal was in a lingual position in combination with narrowing of the mandibular canal.
FIGURE 6.3:  
Incidence of temporary and permanent inferior alveolar nerve (IAN) injury.
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Discussion
In this 1-year, multicentre, randomised clinical trial, no significant difference was found 
between the use of CBCT and PR on the degree of patient morbidity following mandibular 
third molar removal. Therefore our hypothesis was rejected.
It is suggested that the additional information provided by the CBCT might alter the surgical 
approach during the removal of the mandibular third molar and thereby prevent injury to the 
IAN17, 21. Significantly more patients were reclassified to a lower risk for IAN injury after 
reviewing the CBCT images compared to the PR21. Surprisingly, this clinical study showed 
clearly that this ‘safe feeling’ generated by the CBCT images did not lead to less temporary 
IAN injuries. Therefore, in future studies, it would be of interest to measure the impact of 
CBCT on the modification of the surgical approach during third molar removal.
Although the characteristics that define the surgical difficulty of the third molar were similar 
in this study between the CBCT and PR groups, the surgeons assessed the third molar 
removal as significantly more difficult in cases in which no CBCT image was available. Having 
a CBCT might result in a ‘safe feeling’ for the surgeon, knowing the precise anatomical 
relationship21. However, the results of this study show that the risk of temporary and 
permanent IAN injury and other complications for both the PR and CBCT group is the same. 
A recent study using data from insurance companies in Finland corroborated that, despite a 
rapid increase in CBCT examinations prior to third molar removal, the incidence of 
permanent IAN injury was not reduced27. Also Guerrero et al. (2014) compared the CBCT to 
PR in predicting postoperative complications following third molar removal, however, these 
investigators excluded ‘high-risk’ cases, and criteria for this high risk were not reported28. 
Similar to the results of this study, no significant difference between the CBCT and PR groups 
was found for the outcomes of IAN injury and other postoperative complications.
To our knowledge, this is the first RCT in which patients at high risk for IAN injury were 
included, all possible risk factors for postoperative complications were registered 
prospectively, and important outcomes such as quality of life and number of missed days of 
work or study were measured. Due to the Web-based randomisation and data entry, the risk 
of selection and attrition bias was limited. The baseline characteristics and possible risk 
factors for IAN injury and other postoperative complications were very well balanced 
between both study arms. Furthermore, the study was performed at three centres with 
different surgeons educated in different cities, which implies good generalisability.
The subjective temporary IAN injury was chosen as the primary outcome measure to reflect 
the importance of patient-reported outcomes29. Although the outcome assessors were 
blinded, the study participants were not blinded to the intervention. According to the 
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informed consent, patients were accurately informed about potential risks and benefits of the 
CBCT, which might have influenced patient attitudes regarding subjective outcomes. 
However, no difference in the objective IAN injury between the two groups was found, and 
therefore non-blinding of participants was not expected to have any influence on the results.
Sample size calculations were based on expected incidence of temporary IAN injury found in 
the literature for the CBCT and PAN groups. For the CBCT group, the incidence of temporary 
IAN injury was calculated by performing meta-analyses from four studies9, 24-26 which was 
estimated as 4.6%. An estimation of the expected incidence of IAN injury for the PR group 
was more challenging, since there is a great variance in study designs regarding patients’ 
characteristics, experience of the surgeons, and, most importantly, the radiographic markers 
being used to indicate a close relationship between the MC and the third molar roots. Only 
one study was identified, comprising 2,528 subjects, in which the same inclusion criteria, as 
those used in the present study were reported: the class 1, 2, and 3 overprojections8. The 12% 
incidence of temporary IAN injury reported herein was used to calculate the sample size 
needed for the present study, which was significantly higher than the incidence of temporary 
IAN injury of 5.5% eventually found in the present study for the PR group. This might imply 
that twice the number of patients should have been included. However, since in the PR group 
fewer temporary IAN injuries were found, we do not expect that a larger sample size would 
have changed our current conclusions.
It has been reported that the risk of injury is reduced in experienced hands11. In this study, no 
significant association between the experience of the surgeon and temporary IAN injury was 
seen, which is in line with other studies5,30. In five of the seven cases of permanent IAN injury, 
surgery was performed by experienced senior surgeons. So, even in experienced hands, 
manipulating the neurovascular bundle during removal of the third molar roots carries a risk 
of causing temporary and permanent IAN injury. In these high-risk cases, a coronectomy 
might be a good alternative, by removing only the crown and leaving the roots undisturbed. 
Coronectomy is reported to be a safe procedure, with no increase in alveolar osteitis, 
infection, or pain in the short term31. However, a recent Cochrane systematic review 
concluded that the two RCTs performed had a high risk of attrition bias and were therefore 
not sufficiently reliable to include in the review. Furthermore, long-term adverse effects 
associated with coronectomy are not known32. Therefore, it is advocated to perform a 
coronectomy only in selected cases of a high risk for IAN injury33. 
The CBCT proved to be superior compared to PR to select these high-risk patients9,10,30. In the 
present study, a lingual position and narrowing of the MC at the contact area between the 
131130
MC and the roots were strong risk factors for an IAN injury. In 2009, for the first time, a 
significant association was described between a lingual position of the mandibular canal and 
IAN injury following third molar removal9. This was confirmed later on by several 
retrospective30,34 and prospective studies35. Recently, also narrowing of the MC on CBCT 
images was reported to be a significant risk factor35,36. 
In the present study, the shape of the MC was determined to be an important risk factor for 
temporary IAN injury. A significantly more round or oval MC was found, when the MC was in 
a buccal or inferior position in relation to the roots of the third molar, where apparently 
sufficient space for the MC was present. Narrowing of the MC was more prevalent if the MC 
was in a lingual or interradicular position. It is hypothesised that, due to a lack of space, the 
MC shows a narrowed configuration, implicating that by even the slightest pressure executed 
during third molar removal, the already ‘compressed’ canal may get crushed even further 
between the lingual cortex and the third molar root This risk increases when the surface area 
of contact between the third molar root and the narrowed MC is larger37, which is more 
prevalent in the class 1 vertical relationships. 
Due to the low incidence of IAN injury, it was not possible to perform a multivariate risk 
analysis to investigate the independent predictors for an IAN injury. Meta-analyses of well-
designed trials are needed to further identify these predictors. 
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Conclusion
In the case of complete mandibular third molar removal, CBCT, as compared to PR, is not 
effective in reducing postoperative morbidity and has no effect on patient quality of life. 
However, CBCT is a valuable diagnostic adjunct for identification of patients at increased risk 
for IAN injury. In cases of high risk for IAN injury, an alternative strategy, such as monitoring 
(conservative management) or a coronectomy, might be more appropriate.
In the authors’ view, CBCT is specifically indicated in cases of a class 1 vertical relationship in 
combination with signs indicating a close relationship as diagnosed using PR. Total removal 
of the mandibular third molar is not advocated in selected cases of a lingual or interradicular 
position, when the MC is narrowed at the contact area between the MC, and when the third 
molar roots or the roots are deflected around the MC (Figure 6.4).
FIGURE 6.4:
The panoramic radiograph shows an impacted 38 with a class 1 vertical relationship in combination with interruption of the white 
lines of the mandibular canal (MC), which indicates an increased risk for inferior alveolar nerve (IAN) injury (A). In such case, a 
CBCT would have an additional value to distinguish between a low risk and high risk of IAN injury. If the MC had a buccal position in 
combination with a round shape, careful removal of the complete third molar would not have increased the risk for IAN injury. In this 
case, however, the roots were fully deflected around the interradicular positioned MC and IAN injury occurred during complete 
removal of the third molar (B). An alternative strategy, such as monitoring or a coronectomy might have been more appropriate. 
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APPENDIX A: 
Baseline characteristics 
                ITT group       Excluded 
            CBCT   PR    p   CBCT   PR
            (n = 156)  (n=164)      (n = 65)   (n = 92)
Demographic variables
Age                    0.30
 • 18-25          116    108       47    66
 • 26-35          31    44       13    24
 • 36-45          6    9       4    1
 • 46-55          1    2       1    1
 • 56-65          2    0       0    0
 • >65          0    1       0    0
Gender                   0.29
 • Female          109    104       44    53
 • Male          47    60       21    39
Health status variables 
ASA classification                1.0
 • 1           134    142       63    76
 • 2 or >2          20    22       2    16
Diabetes Mellitus (yes)       0    2    0.49  0    1
Immune deficiency (yes)       0    0    1.0   0    0
Other chronic condition, medical treatment (yes) 5    7    0.77  2    6
Female using oral contraceptive drugs (yes)   66    63    0.55  16    28
Current smoking (yes)       20    22    1.0   7    12
Current alcohol (>3 day)       2    2    1.0   0    0
Oral hygiene                  0.32
 • Good          125    139       45    60
 • Poor          12    12       3    1
 • Bad          2    0       0    0
Anatomic variables
Angulation of the third molar a              0.26
 • Vertical         55    49       18    27
 • Disto-angular        8    19       2    3
 • Mesio-angular        74    72       34    46
 • Horizontal         17    20       10    14
 • Transverse         1    2       0    1
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Depth of impactionb
Tooth covered by anterior border of ramus            0.75
 • Class I          52    60       23    14
 • Class II         97    92       39    72
 • Class III         7    11       2    5
Depth of impaction to the adjacent tooth           0.71
 • Class A         31    36       10    18
 • Class B         106    99       43    61
 • Class C         19    28       11    12
Signs of close relationship (PAN)
 • Darkening of the roots      44    50   0.71    14    19
 • Interruption of the white line     77    73   0.43   28    31
 • Diversion of the canal      9    9   1.0    5    2
 • Narrowing of the roots      2    1   0.61    0    1
 • Deflection of the roots      6    15   0.07   4    6
 • Narrowing of the canal      0    3   0.25   2    1
 • No signs          65    73   0.65   35    52
Over projection root with MC             0.086
 • Class 1          34    50       20    30
 • Class 2         82    66       26    36
 • Class 3         26    36       12    17
 • Class > 3         14    11       6    9
                ITT group       Excluded 
            CBCT   PR    p   CBCT   PR
            (n = 156)  (n=164)      (n = 65)   (n = 92)
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Surgical variables
Experience surgeon               0.37
 • <100 M3 removed       9    8       0    0
 • 101–500 M3 removed      18    11       0    1
 • 501–1000 M3 removed      17    15       1    1
 • 1001-3000 M3         4    11       1    1
 • > 3000 M3 removed      108    118       9    13
 • Resident         67    72   0.91    5    7
 • Senior staff         89    91       6    9
Type of incision                0.52
 • Envelope         43    45       4    2
 • Triangular         96    101       7    11
 • Other          9    9       0    3
Removal of buccal bone (yes)      114    128   0.24   10    12
NAI exposure (yes)        27    36   0.32   3    1
Number of roots                0.83
 • 1           19    12       0    1
 • 2           111    113       8    14
 • >2           16    17       3    1
Shape of roots                0.27
 • Conical         22    30       1    1
 • Straight         69    59       6    10
 • Curved         47    59       4    5
 • Incomplete root formation     8    5       0    0
Sectioning crown/roots (yes)      94    104   0.55   9    10
Sutures                  0.52
 • 0           1    1       0    0
 • 1           13    8       1    3
 • 2           61    58       5    3
 • 3           60    76       5    9
 • >3           12    10       0    1
Technique of closure                0.058
 • No closure         1    1       0    0
 • Complete closure       46    51       6    4
 • Opening from occlusal       77    59       3    6
 • Opening from mesial      24    42       2    6
Monoject® for post-op rinsing (yes)    65    83   0.051   4    6
Pathological variables        
Pericoronitis (yes)*        27    45   0.042   4    9
Pocket > 4mm (yes)        39    60   0.062   11    18
Caries           7    4   0.37   1    0
Other
VAS pre-surgery (mean +/- s.d.)    1.2 +/- 2.4  1.0 +/- 2.1  0.77  0.8 +/- 2.1  0.8 +/- 1.8
OHIP-14 pre-surgery (mean +/- s.d.)   4.4 +/- 4.6  3.6 +/- 3.9  0.22  2.8 +/- 3.1  3.2 +/- 3.9
                ITT group       Excluded 
            CBCT   PR    p   CBCT   PR
            (n = 156)  (n=164)      (n = 65)   (n = 92)
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ABSTRACT
Objectives:
The primary aim of the present study was to evaluate the effectiveness of postoperative 
irrigation of the socket with drinking tap water on inflammatory complications following 
lower third molar removal. 
Material and methods:
A multicenter randomised controlled trial was carried out from June 2013 to June 2014. In 
one arm of the study, patients were instructed to irrigate the tooth socket and surgical site 
with a Monoject® Curved 412 Tip Syringe (Tyco/healthcare-Kendall, Mansfield, MA, USA) 
with tap water. In a second arm of the study, the standard postoperative instructions did not 
include irrigation instructions. The incidences of alveolar osteitis and wound infection were 
recorded for each group and analyzed by the Fisher’s exact test.
Results:
A total of 280 patients with 333 mandibular third molars were analyzed. According to the 
intention-to-treat (ITT) analysis, inflammatory complications occurred in 18 cases in the 
Monoject® group (11.4 %) compared to 34 cases (19.1 %) in the control group (p = 0.04). 
These complications were associated with significant worse outcomes regarding quality of 
life, pain, and trismus and caused significantly more missed days of work or study. Female 
gender, age >26, bone removal, deep impacted third molars, less experienced surgeons, and 
a high amount of debris at the surgical site were also identified as risk factors for developing 
inflammatory complications following lower third molar removal. 
Conclusion:
Irrigation of the surgical site with drinking tap water using a curved syringe following removal 
of third molars is effective in reducing the risk of inflammatory complications. 
Clinical relevance:
Water is a very accessible, cost-effective irrigant without side effects and the results from 
this study have proven that it can be used to reduce the risk of inflammatory complications 
and associated morbidity following lower third molar removal.
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Introduction
Surgical removal of third molars, as one of the most common procedures in oral and 
maxillofacial surgery, is often accompanied by pain, swelling, trismus and oral dysfunction. In 
normal healing, the most of pain and swelling reduces within 2 or 3 days. However, wound 
healing may be delayed due to alveolar osteitis (AO) or wound infection at surgical sitesv. 
These complications are accompanied by painful symptoms and a significant impact on the 
quality of life, resulting in loss of patient’s productivity and working day’s2. 
The most common complication following mandibular third molar removal is AO with a 
reported incidence of 1-37%3. The causes of AO are not completely known, but the 
destruction of the blood clot by invading oral bacteria is generally accepted as an important 
etiological factor3-5. Following destruction of the thrombus, the socket may become packed 
with food remnants and debris leading to further disturbed wound healing1,3. Various factors 
have been considered to be associated with an increased risk for developing AO, such as the 
female gender6-9, smoking10,11, inadequate oral hygiene9 surgical trauma10,12,13 and removal of 
teeth with pre-existing infection or pathology14
Forty-five percent of patients with AO require multiple postoperative visits, which is not only 
an inconvenience for the patients, but also a burden from financial perspectives15. Most 
common treatment for AO tends to focus on symptomatic relief, which includes the removal 
of debris from the tooth socket by irrigation with saline solution using a syringe3 and 
prescription of analgesics. To support the oral hygiene in and around the tooth socket and to 
prevent inflammatory complications following surgical removal of lower third molars, some 
surgeons instruct the patient to irrigate the surgical site with drinking tap water using a 
syringe. Surprisingly, the efficacy of this simple non-invasive method has not been 
investigated yet.
The primary aim of the present study was to evaluate the effectiveness of postoperative 
irrigation of the surgical site with drinking tap water using a Monoject® syringe on 
postoperative complications following lower third molar removal. The secondary objective 
was to investigate the impact of wound infection and alveolar osteitis on quality of life 
measures and to identify risk factors associated with these complications. 
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Material and methods
This RCT has been described according to the CONSORT statement 2010 (http://www.
consort-statement.org/).
STUDY DESIGN
This study was part of a multicenter randomised controlled clinical trial investigating the 
efficacy of CBCT prior to mandibular third molar removal from which the trial and the clinical 
protocol were approved by the Institutional Review Board (CCMO Arnhem-Nijmegen, NL nr.: 
40492.091.12).  All patients were informed about the study and a written informed consent 
was obtained. The study was performed in three participating departments of Oral and 
Maxillofacial (OMF) surgery of 1) Radboud University Medical Centre Nijmegen (RUN), 2) 
Rijnstate Hospital Arnhem (RHA) and a private clinic in Nijmegen (PCN).
PARTICIPANTS 
The procedure of selecting patients and eligibility criteria are described in detail in a previous 
article16. Prior to surgery, the patients characteristics were recorded at baseline in a secured 
website designed for this study.
SURGERY
All mandibular third molars were removed under local anesthesia without antibiotic 
prophylaxis or pre- and postoperative antiseptic rinses. Intra-operative variables, such as 
experience of the surgeon, duration of surgery, technique of third molar removal, number and 
shape of roots were registered through the website. All patients received a pain diary with a 
Visual Analogue Scale (VAS) and validated Dutch version of Oral Health Related Quality of 
Life (OHIP-14) forms 1 day before until 7 days after surgery. A review appointment 7 days 
after surgery was made.
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RANDOMIZATION
At the final stage of surgery, a surgical assistant assigned the patients randomly through a 
computer random generator after logging in the secured website. The allocation concealment 
was guaranteed through the Web-based central concealment.              
Patients were allocated either to:
 1)  Monoject® syringe group. After surgery, a curved tip Monoject® syringe (12 cm3) was 
provided to the patient. In addition to the standard postoperative care instructions, the 
participants received instructions with regard to the use of Monoject® syringe (by 
bringing the tip at the distal side of the second molar in or above the tooth socket and 
irrigate four times a day with plane tap water). To avoid early removal of the blood clot, 
patients were instructed to start irrigating the wound 48 hours after surgery until the 
first postoperative visit 7 days after surgery. 
 2)  Standard postoperative care instructions, without the use of a Monoject® syringe. The 
standard postoperative instructions were: biting on a gauze for 30 minutes, no rinsing 
and spitting for the first 24 hours and starting the regular tooth brushing the day after 
surgery. Paracetamol (4 times a day 1000 mg) in combination with ibuprofen (3 times 
a day 600 mg) were prescribed postoperatively. 
OUTCOMES
The primary outcome measures were the number of lower third molars with postoperative 
inflammatory complications, which included surgical wound infection and AO.
The secondary outcomes consisted of quality of life measures, including pain (VAS score), 
trismus (change in maximum inter-incisal distance), Oral Health related quality of Life (OHIP-
14), number of emergency visits and missed days of work or study. 
One blinded investigator per center assessed the primary and secondary outcome measures. 
Surgical wound infection was defined as the presence of a local abscess, onset of facial or 
cervical abscess/cellulitis and other signs suggesting an infection (redness, swelling, purulent 
discharge, fever). The diagnosis of AO was based on the Blum criteria: postoperative pain in 
and around the extractions site, which increased in severity at any time between 1 and 3 days 
after the extraction, accompanied by a partially or totally disintegrated blood clot within the 
alveolar socket with or without halitosis3. A distinction was made in patients with more severe 
symptoms: irradiating pain, which was not adequately relieved with the standard analgesics. 
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After assessment and registration of the wound healing in the website, the surgical site was 
irrigated with sterilized water using a Monoject® syringe. The amount of debris in and around 
the alveolus was registered on a four-degree scale (Figure 7.1). 
Finally the patient was asked to demonstrate how the Monoject®  was used. If the patient 
failed to use the Monoject®, or if the Monoject® was not used according to the instructions 
(adequate irrigation by bringing the tip at the distal side of the second molar in or above the 
tooth socket) this was registered as well. 
The number of postoperative visits and possible post-operative interventions such as wound 
irrigation, use of antibiotics, abscess incision and drainage or exploration of the wound within 
2 months were registered at the website. 
STATISTICAL METHODS
The primary and secondary outcome measures were analyzed according to the Intention-To- 
Treat (ITT) and Treatment Received (TR) analyses. In the TR group, the protocol violations 
(patients not attending for the postoperative visit one week after surgery and surgical sites 
not being irrigated according to the instructions) were excluded from analyses. The means 
and standard deviations of normally distributed variables were calculated and analyzed by 
the independent-samples t test. Dichotomous variables were analyzed by the Chi-square or 
the Fischer’s exact test. Logistic regression analysis was performed to identify possible risk 
factors for inflammatory complications. Dependent variables in each analysis that was 
significant at the p <0.05 were considered for the multivariate analysis. The unadjusted and 
adjusted odds ratios with 95% confidence intervals (CIs) were estimated. The SAS® 9.2 was 
used for data analyses. 
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FIGURE 7.1:
Irrigation of the surgical site with a curved tip Monoject® syringe
Surgical site immediate following the removal of the 38 (A) . According to the web-based randomisation, the patient was assigned 
into the Monoject®  group, and instruction on the use of the syringe was provided (B). Figure C shows the surgical site (38) of a 
patient with normal healing 1 week after surgery. Following irrigation of the surgical site, no debris was found (D). Figure E presents 
a surgical site (38) of an alveolar osteitis. After irrigation, a high amount of debris was assessed (F). 
145144
Results
Figure 7.2 represents the flow of 280 patients with 333 randomized third molars during the 
phases of the study regarding the ITT analysis and TR analyses. The inclusion of the three 
centers RUN, RHA, PCN resulted in 104, 111 and 65 third molars respectively. The majority of 
the third molars were bony impacted (68%), necessitating surgical bone removal (76%).                  
In the Monoject® group, 67 of the 158 surgical sites (42,2%) were not irrigated by the patient 
according to the instructions and were excluded for the TR analyses.
Abbreviations: n= number, ITT = intention to treat, TR = treatment received
FIGURE 7.2:
Diagram with flow of patients (number of third molars)
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None of the baseline characteristics differed significantly between the two intervention 
groups for the ITT and TR analyses (Appendix 7.1). 
The results of the primary outcomes are presented in table 7.1. The overall incidence of 
inflammatory postoperative complications following third molar removal was 15.6%. 
According to the ITT analysis, these complications developed in 18 cases in the Monoject®  
group (11,4%) compared to 34 (19,1%) in the control group, which is a significant difference 
(Fisher’s exact test, two-tailed, p = 0.04). This was primary the result of a significant lower 
incidence of AO (p<0.005) in the Monoject®  group (5,5%) compared to the control group 
(15,7%). For the TR analyses, the incidence of inflammatory complications were 8,7% for the 
Monoject®  group and 20,9% for the control group (p<0.01).
TABLE 7.1: 
Primary outcome measures for ITT and TR analyses
           ITT analyses         TR analyses
Primary outcome    Monoject®    Control   p   Monoject®®  Control   p
       (n = 158)   (n = 178)      (n=91)   (n=158)     
Inflammatory    18 (11,4%)   34 (19,1%)  0.04*  8 (8,7%)  33 (20,9%)  0.01*
complications
• Alveolar osteitis   9 (5,7%)   28 (15,7%)  0.005*  5 (5,4%)  27 (17%)  <0.001*
 - Moderate  
  symptoms   7 (4,5%)   18 (10,1%)  0.04*  4 (4,4%)  17 (10,8%)  0.09  
 -  Severe 
  symptoms   2 (1,3%)    10 (5,6%)  0.04*  1 (1,1%)   10 (6,3%)  0.06 
• Wound infection   9 (5,7%)   6 (3,4%)  0.43  3 (3,3%)  6 (3,8%)  1.0
                         
* Statistically significant difference (p<0,05)
Abbreviations: ITT = intention to treat, TR=Treatment received
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Patients with AO and surgical wound infections following third molar removal, had 
significantly higher pain scores (p < 0.0001) and worse quality of life scores (p <0.0001) for 
the first 7 postoperative days compared to patients without these complications (table 7.2). 
The presence of these complications resulted in a reduced mean mouth opening of 18.2 mm 
compared to a mean reduction of 8.3 mm in cases of normal healing one week after surgery. 
Patients proceeded with work or study after a mean period of 1.7 days in case of normal 
healing compared to a mean period of 3.3 days in case of inflammatory complications (p = 
0.01). (Figure 7.3) 
TABLE 7.2:
Effect of inflammatory complications on pain, quality of life, trismus and number of 
missed days of work or study
             Inflammatory   No inflammatory    p
             complications   complications
             (n = 52)     (n = 281)
Pain (VAS score)          6.0 +/- 1.9    3.8 +/- 2.0     < 0.0001*
 • Day 1           5.6 +/- 2.1    5.0 +/- 2.5     < 0.0001*
 • Day 2           5.8 +/- 2.2    4.6 +/- 2.5     < 0.0001*
 • Day 3           6.1 +/- 2.2    4.2 +/- 2.4     < 0.0001*
 • Day 4           6.3 +/- 2.4    3.8 +/- 2.4     < 0.0001*
 • Day 5           6.3 +/- 2.3    3.5 +/- 2.3     < 0.0001*
 • Day 6           6.5 +/- 2.3    3.0 +/- 2.2     < 0.0001*
 • Day 7           5.9 +/- 2.4    2.4 +/- 2.2     < 0.0001*
OHIP – 14 (Day 1-7) [0-56] (mean +/- s.d.) 
 • Functional limitation [0-8]       2.9 +/- 2.3    1.3 +/- 1.4     < 0.0001*
 • Physical pain [0-8]         5.8 +/- 2.4    4.5 +/- 2.3     0.0002*
 • Psychological discomfort [0-8]      4.2 +/- 2.3    1.9 +/- 1.8     < 0.0001*
 • Physical disability [0-8]        4.9 +/- 2.5    3.1 +/- 2.2     < 0.0001*
 • Psychological disability [0-8]      3.1 +/- 2.2    1.4 +/- 1.6     < 0.0001*
 • Social Disability [0-8]        4.2 +/- 2.5    2.3 +/- 1.9     < 0.0001*
 • Handicap [0-8]         3.7 +/- 2.8    1.5 +/- 1.9     < 0.0001*
Change in IID in mm (mean +/- s.d.)     -18.2 +/- 11.8    -8.3 +/- 11.3     < 0.0001*
Number of missed days of work or study (mean +/- s.d.) 3.3  +/- 3.9    1.7 +/- 1.9     0.01*
* Statisitcally significant difference (p<0,05)
Abbreviations: n=number of mandibular third molars, VAS = Visual Analogue Scale (range 1-10), OHIP-14 = Oral Health Impact 
Profile 14, IID = interincisal distance s.d.  = standard deviation
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RISK FACTORS
Multivariate regression analysis demonstrated that female gender (OR 5.6, 95%CI 2.2-14.4, 
p<0.001), high amount of debris at surgical site (p < 0.001), age >26 years (p=0.04), 
resident surgeons (p <0.02), bone removal (p= 0,03) and Class III depth of impaction 
(p=0.04) were significantly associated with inflammatory complications following 
mandibular third molar removal (table 7.3).
Pain scores from day 1 to day 7 after removal of the third molar for patients with normal healing and inflammatory complications. 
 
TABLE 7.3:
149148
TABLE 7.3: 
Risk factors for inflammatory complications  
following surgical removal of third molars
          Unadjusted          Adjusted
Variables        I  NI  OR (95% CI)   p   OR (95% CI)   p
Age
 • 18-25y (C)       29  199
 • >26y*        23  81  1.95 (1.06-3.57)   0.031  2.13 (1.04-4.36)  0.037
Gender
 • Male (C)       7  105
 • Female*        45  175  3.86 (1.68-8.87)  0.0015  5.59 (2.17-14.41)  0.0004
 
Oral contraceptive drugs 
 • Yes        25  112
 • No        15  55  1.22 (0.59-2.50)  0.58  0.99 (0.45-2.18)  0.98
 • Unknown       5  8 
Oral hygiene
 • Good (C)       41  233
 • Moderate        2  23  0.49 (0.11-2.18)  0.35  0.55 (0.12-2.61)  0.45
 • Poor        2  0  NE     0.99  NE     0.99
Smoking >3 day (yes)      8  33  1.34 (0.58-3.10)  0.50  1.65 (0.62-4.39)  0.31
Pericoronitis (yes)      10  63  0.83 (0.39-1.77)  0.63  1.33 (0.55-3.21)  0.53
Pocket > 4mm + bleeding (yes)   17  87  1.09 (0.57-2.08)  0.81   1.03 (0.47-2.25)  0.95
Surgical variables     
Experience of the surgeon*
 • Senior (C)       22  165
 • Resident*        29  116  1.88 (1.03-3.43)  0.041  2.20 (1.11-4.33)  0.024
 • > 3000M3 removed (C)    36  203
 • <3000 M3 removed     15  78  1.08 (0.56-2.09)  0.81   1.07 (0.50-2.29)  0.85
Duration of surgery      12.7  11.3  1.02 (0.99-1.06)  0.27  0.99 (0.95-1.05)  0.90
Bone removal (yes)*      45  208  2.60 (1.06-6.34)  0.036  2.86 (1.08-7.56)  0.034
Incision 
 • Envelope (C)      15  79
 • Triangular       35  178  1.03 (0.54-2.00)  0.92  1.05 (0.49-2.25)  0.90
 • Other        0  19  NE        NE
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Technique of closure
 • Complete closure (C)    18  87
 • Opening from occlusal     19  126  0.73 (0.36-1.47)  0.38  1.01 (0.45-2.28)  0.98
 • Opening from mesial    13  60  1.05 (0.48-2.30)  0.91   1.80 (0.69-4.72)  0.23
Number of sutures
 • 1 (C)        1  24
 • 2         18  107  4.03 (0.51-31.7)  0.18   2.61 (0.27-25.4)  0.41
 • 3         26  124  5.03 (0.65-38.9)  0.12   2.87 (0.29-28.5)  0.37
 • >3         5  18  6.67 (0.72-62.1)  0.10   4.48 (0.36-55.6)  0.24 
Anatomical variables      
Depth of impactiona
Tooth covered by anterior border of ramus
 • Class I (C)       17  97
 • Class II       27  173  0.89 (0.46-1.72)  0.73  0.87 (0.41-1.88)  0.88
 • Class III *       8  10  4.57 (1.58-13.2)  0.005  3.77 (1.07-13.3)  0.039
Depth of impaction to the adjacent tooth
 • Class A (C)       8  63
 • Class B       31  185  1.32 (0.58-3.02)  0.52  0.85 (0.33-2.17)  0.73
 • Class C       13  32  3.20 (1.20-8.51)  0.02  2.09 (0.67-6.56)  0.20
Other      
Amount of debris in alveolus
 • None (C)       15  113
 • Low        12  75  1.21 (0.53-2.72)  0.65  1.47 (0.62-3.48)  0.39
 • Moderate       9  32  2.12 (0.85-5.29)  0.11   2.33 (0.84-6.43)  0.11
 • High*         14  26  4.10 (1.74-9.43)  0.001  4.87 (1.91-12.4)  0.0009
Bold font indicates statistical significance (p<0.05)
The odds ratios with their 95% confidence intervals (CIs) were estimated by logistic regression models. The adjusted odds ratios 
with their 95% CIs were estimated by multiple logistic regression models after controlling for Monoject®® , age, gender, bone 
removal, depth of impaction to the adjacent tooth and amount of debris in alveolus. 
Abbreviations: aPell & Gregory classification * Statistically significant difference (p<0,05) n=number of mandibular third molars, 
VAS = Visual Analogue Scale (range 1-10)
          Unadjusted          Adjusted
Variables        I  NI  OR (95% CI)   p   OR (95% CI)   p
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Discussion
The results from this study have confirmed that inflammatory complications following the 
surgical removal of mandibular third molars are associated with significant morbidity and 
reduced quality of life, which is in line with other studies2,17,18. This resulted in an increase of 
the number of postoperative visits and missed days of work or study compared to patients 
without these complications. 
Many efforts have been made in order to reduce the complications and associated morbidity 
following removal of lower third molars. Various surgical techniques19-22, pre- and 
postoperative chlorhexidine rinses23-25, local and systemic antibiotics26-30 and a variety of 
intra-socket preventive and therapeutic measures have been developed and investigated15. 
Data from systematic reviews suggest only a slight benefit in reducing the risk of AO when a 
triangular flap is performed compared to an envelope flap 31, pre- and postoperative rinsing 
with chlorhexidine15 and the use of prophylactic antibiotics26. The increase of adverse effects 
and bacterial resistance, however, does not favor the standard use of prophylactic 
antibiotics26,27. 
It is remarkable, that among all these preventive measures, the use of water to reduce 
complications following surgical removal of third molars has not been investigated yet. Water 
has the major advantage of being accessible and very cost-effective with no adverse effects. 
To our knowledge, this is the first study that has proven the effectiveness of postoperative 
irrigation of the socket with drinking tap water in reducing the risk of inflammatory 
complications following surgical removal of third molars. Cleaning of surgical wounds with 
water is an old and common procedure to prevent infections in extremities and drinking tap 
water is thought to be as good as saline or sterilized water for this purpose32. Recently, the 
first RCT was published investigating the effect of saline mouth rinse on postoperative 
complications following routine dental extractions33. A significant lower incidence of AO was 
found in the saline rinsing group compared to no rinsing. In this study all subjects used 
prophylactic antibiotics and only healthy patients acquiring non-surgical routine dental 
extractions where included. Therefore, these results cannot be compared with the results 
from the present study. Mere rinsing without the use of a syringe, in case of surgical removal 
of third molar, might be less effective to adequately clean the surgical site, due to the dorsal 
position in the dental arch in combination with trismus often accompanied with these 
procedures. This is supported by the TR analyses in the present study: the risk of AO was 
lower if the Monoject®  syringe was used adequately. It is worth mentioning that a significant 
number of patients failed to use the syringe according to the instructions, regardless of the 
educational level of the patient. This emphasizes the need for additional methods to provide 
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postoperative care information, such as the use of animations on websites or applications for 
smartphones.
An important strength of this study was the Web-based randomisation and data entry. This 
minimizes the risk of selection and attrition bias and enlarges the possibilities to register a 
wide range of patient characteristics in a prospective way. The baseline characteristics and 
possible risk factors for postoperative complications were therefore very well balanced 
between both study arms. Another strength was that the study was performed in three 
different settings (university clinic, public hospital and private clinic) with different surgeons 
being educated in different centers, which implies good generalizability. The selection of 
patients and calculation of the sample size was based on a randomized clinical trial 
investigating the usefulness of Cone Beam CT (CBCT) in patients with an increased risk for 
inferior alveolar nerve injury following the removal of mandibular third molars, which might 
be a potential weakness in this part of the study. Since subjects with a pre-operative CBCT 
were evenly distributed between both study arms in this part of the study, it can be expected 
that this co-intervention did not influence the results. Furthermore, a pre-operative CBCT had 
no influence on the outcome of postoperative complications, pain, quality of life and duration 
of surgery 16. Due to the selection criteria of the CBCT study, mainly third molars with deep 
impactions where included. It should be emphasized, that the results of this study are not 
applicable for non-surgical extractions. Another potential weakness is that the frequency and 
dosage of the prescribed analgesics were not registered appropriately in the pain diaries of 
the patients. Therefore it was not possible to correlate the VAS scores with the actual used 
analgesic drugs.
To date, there is no consensus regarding the diagnostic criteria and terminology for AO used 
in the literature, which explains the great variability in the reported incidences of 1-37% 
following third molar removal3,4,15.  Traditionally, the condition was defined as an empty tooth 
socket with exposed bone, accompanied with a continuous severe irradiating pain34. More 
recent studies15,35,36 use the definition of AO according to Blum3, which also includes a 
partially empty tooth socket and furthermore makes no distinction in the type and severity of 
pain. To allow comparability with results from other studies, the definition of AO according to 
Blum was used in the present study. Using these criteria, the incidence of AO following third 
molar removal is reported to be between 25%-30%3, which is higher than the overall 
incidence of AO of 11% in the present study. Most patients seen on emergency visits with 
painful symptoms following surgical removal of third molars, have met the criteria of AO 
according to Blum, in which the clinical assessment showed a partially disintegrated blood 
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clot in the tooth socket filled with debris remnants. Irrigation of the socket and continuing the 
regular analgesics are usually sufficient in these cases. However, in our experience, patients 
with a true dry socket have a different clinical presentation with a severe irradiating pain, 
usually necessitating stronger analgesics and more postoperative visits. From this point of 
view, it is important to distinguish these clinical entities and therefore a distinction was made 
in a moderate and severe presentation of AO in the present study. 
Although the pathogenesis is not completely known, an increased fibrinolysis in the blood 
clot is thought to be the major contributing factor for AO3-5. Birn has extensively studied the 
pathogenesis of AO and found an increased fibrinolytic activity as well as activation of 
plasminogen in to plasmin, in the presence of tissue activators in dry sockets37. He stated 
that these tissue activators are released after trauma to the alveolar bone or elaborated by 
bacteria, resulting in disintegration of the blood clot12. The multivariate regression analysis in 
this study has proved that surgical removal of bone, deep impactions and less experienced 
surgeons were independent significant risk factors for inflammatory processes. These factors 
indicate a more traumatic tooth removal resulting in more obvious postoperative 
complications, which has also been demonstrated in previous studies5,10,12-14,38. Beside surgical 
trauma, bacterial invasion was suggested to play an important role in the development of AO 
and postoperative wound infection3,10,39,40. Blum stated that despite a lack of scientific 
evidence, it seems logical that fragments and debris could lead to a disturbed wound healing, 
and thereby possibly contribute to the development of an AO3. The results from this study 
showed a strong significant association between high amount of debris remnants at the 
surgical site and inflammatory complications. This underlines that debris remnants should be 
regarded as one of the contributing factors for AO. The low incidence of AO in the 
Monoject® group of 5,5% is probably the result of effective mechanical removal of debris, 
bacterial colonization and associated metabolic wastes within the tooth socket.
It has been postulated that direct excessive irrigation of the alveolus might wash out the 
blood clot and thereby increase the risk of AO41. Although this seems plausible, sound 
evidence to support this theory is lacking3,5,42. In the authors view, excessive intra-alveolar 
irrigation at the first day following surgery should be avoided. Theoretically, one might start 
the irrigation before the internal dissolution of the blood clot occurs. Birn stated that the 
increase in fibrinolysis is unlikely to dissolve the blood clot before the second day after 
surgery, since the clot contains antiplasmin, which must be neutralized before clot 
dissolution can occur4. Therefore, the best moment to start the irrigation might be 
somewhere between the first and second postoperative day. Nevertheless, the results from 
this study prove that wound irrigation starting 48 hours after surgical removal of third molars 
is a safe procedure to perform. To prevent AO, it has been postulated to apply topical 
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antifibrinolytic agent Tranexamic acid in the tooth socket. A randomised controlled trial 
performed in 1979 did however not show a significant reduction in the incidence of AO when 
compared with placebo following removal of third molars43. 
Increasingly, patients request personalized information about their risks and potential 
benefits of removing a third molar. Although the risk for inflammatory complications 
following surgical removal of third molars is multifactorial in nature, identifying risk factors 
will aid to inform the patients more accurately about these anticipated complications. 
Increasing age is a well-known risk factor for complications following third molar removal2, 44-
46, which has been confirmed in the present study. This might influence the decision making 
process whether or not to remove an asymptomatic third molar at a younger age 47. Another 
important risk factor found in this study was the female gender. The odds of developing 
inflammatory complications are 5 times higher for female patients compared to male 
patients. The increased risk for female patients is found in several studies2, 6-9, while others 
did not find this association44. It is suggested that the higher incidence of AO in female 
patients is caused by the use of oral contraceptives. Oestrogen in oral contraceptives has 
shown to cause elevated plasma fibrinolytic activity48, which could in turn cause earlier lysis 
of the blood clot3-5. The multivariate regression analysis in this study, however, did not show 
any effect of the use of oral contraceptives on the occurrence of postoperative complications 
following third molar removal. Furthermore, no relationship was observed between smoking, 
oral hygiene and inflammatory complications as was demonstrated in previous studies9-11, 
probably due to a low incidence of smokers and a very low incidence of patients with a poor 
preoperative oral hygiene in our study population.
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Conclusion
Postoperative inflammatory complications following removal of third molars has a significant 
impact on the quality of life of patients, resulting in increased missed days of work and study. 
Female gender, increasing age, deeply impacted mandibular third molar, bone removal, less 
experienced surgeons and debris remnants in and around the tooth socket were associated 
with an increased risk to develop these postoperative complications. The risk of alveolar 
osteitis following surgical removal of mandibular third molars can be significantly reduced by 
postoperative irrigation with plane drinking tap water. Starting 48 hours after surgery, using a 
curved tip Monoject® syringe and rinsing 4 times a day during 5 days seems to be an 
effective protocol for this commonly performed surgical procedure. Special care should be 
provided on the postoperative instructions how to use the syringe.
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APPENDIX 7.1: 
Baseline characteristics for Intention to Treat analyses  
and Treatment Received analyses
             ITT analyses        TR analyses
         Monoject®    Control  p   Monoject®  Control  p
         (n = 158)  (n = 175)      (n = 91)    (n = 158) 
Demographic variables
Age                0.88         0.76
 • 18-25       109    119      64    107
 • 26-35       36    46      17    42
 • 36-45       9    7      7    6
 • 46-55       2    1      2    1
 • 56-65       1    1      0    1
 • >65       0    1      0    1
Gender               0.25         0.58
 • Female       99    121      59    109
 • Male       58    54      31    49
Race                  0.83         0.42
 • Caucasian       137    140      86    140
 • Other       10    12      4    12
Education level              0.25         0.39
 • Primary education    15    8      7    8
 • Secondary vocational (MBO)  51    49      31    49
 • Higher professional (HBO)  51    53      36    53
 • University      29    41      16    41
Health status variables
ASA classification            0.052         0.047
 • 1        130    158      73    143
 • 2 or >2       27    17      17    15
Diabetes Mellitus (yes)    1    1   1.0   0    1   1.0
Immune deficiency (yes)    0    0      0    0
Other chronic condition, 
medical treatment (yes)    8    5   0.39  4    4   1.0
Oral contraceptive drugs (yes)   57    80   0.30  34    71   0.48
Current smoking (yes)    18    23   0.74  11    20   1.0
Current alcohol (>3 day)    3    0   0.10   2    0   0.13
Oral hygiene              0.35         0.41
 • Good       124    150      80    137 
 • Poor       13    12      4    11
 • Bad       0    2      0    2
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             ITT analyses        TR analyses
         Monoject®    Control  p   Monoject®  Control  p
         (n = 158)  (n = 175)      (n = 91)    (n = 158)
Anatomic variables
Angulation of the third molara           0.69         0.68
 • Vertical      49    54      30    50
 • Disto-angular     10    18      6    17
 • Mesio-angular     75    79      41    70
 • Horizontal      21    20      12    17
 • Transverse      1    3      0    3
Depth of impactionb
Tooth covered by anterior 
border of ramus             0.35         0.16
 • Class I       59    55      39    52
 • Class II      90    110      47    96
 • Class III      9    9      5    9
Depth of impaction 
to the adjacent tooth            0.16          0.067
 • Class A      28    43      14    37
 • Class B      107    109      59    99
 • Class C      23    22      18    21
Surgical variables
Experience surgeon            0.48         0.43
 • <100 M3 removed    5    11      3    11
 • 101–500 M3 removed   14    16      7    16
 • 501–1000 M3 removed   16    16      9    14
 • 1001-3000 M3      7    8      6    7
 • > 3000 M3 removed   116    123      66    109
 • Resident      68    77   0,83  39    70   0.89
 • Senior staff      90    97      52    87
Type of incision             0,35         0.08
 • Envelope      45    49      25    44
 • Triangular      104    109      62    98
 • Other       6    13      1    12
Removal of buccal bone (yes)   125    128   0.24  74    113   0.09
Number of roots             0.93
 • 1        20    21      13    20   0.77
 • 2        116    130      65    116
 • >2        18    18      9    16
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             ITT analyses        TR analyses
         Monoject®    Control  p   Monoject®  Control  p
         (n = 158)  (n = 175)      (n = 91)    (n = 158)
Shape of roots             0.47
 • Conical      30    24      18    23   0.42
 • Straight      62    81      32    71
 • Curved      56    58      34    52
 • Incomplete root formation  6    7      3    7
Sectioning crown/roots (yes)   107    109   0.41   59    97   0.68
Sutures               0.51          0.29
 • 1        12    13      6    11  
 • 2        64    61      40    56
 • 3        69    81      38    71
 • >3        9    14      3    14
Technique of closure
 • Complete closure    51    54   0.23  23    47   0.26
 • Opening from occlusal    74    71      48    67
 • Opening from mesial   29    44      16    38
Mean duration of surgery (min)  12,2    10,9   0.15   11,5    10,9   0.57
Pathological variables          
Pericoronitis (yes)     36    37   0.59  21    34   0.75
Pocket > 4mm + bleeding (yes)  50    54   0.81   29    51   1.0
Caries        2    9   0.07  1    9   0.10
Other
CBCT pre-surgery     69    94   0.08  42    87   0.19
VAS pre-surgery 
(mean +/- s.d.)     1,1 +/- 2.2  1,1 +/- 2.2  0.74 1,0 +/- 2.2  1,1+/- 2.2  0.95
OHIP-14 pre-surgery 
(mean +/- s.d.)     3,8 +/- 3.8  4,1 +/- 4.8  0.80  3,6 +/- 3.8  4,2+/- 4.8  0.86
IID pre-surgery (mm) 
(mean +/- s.d.)     47,3 +/- 6.2  46,6 +/- 7.6  0.42 47,5+/-6.2  46,8+/-7.6  0.49
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Chapter 8
General discussion, conclusions
and future perspectives
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Introduction
In the past 50 years, activities of OMF-surgeons have developed from pure dentoalveolar 
surgical procedures towards technically more advanced craniofacial and reconstructive 
surgery. However, still today removal of third molars is the most common performed surgical 
procedure. Although many patients suffer from third molar associated problems, no 
uniformity in clinical decision making regarding the management of impacted third molars is 
present. The gap between the high volume care and the low activity of quality research done 
in this field is remarkable as evidence based guidelines are still lacking. Obviously, also in 
case of wisdom teeth removal, there is a need to obtain the best available evidence in order 
to inform our patients accurately and to provide guidance for an appropriate clinical decision 
making process. 
The main objectives of this thesis were to evaluate the indication for removal of impacted 
third molars on one hand, and to investigate measures in order to reduce the most common 
complications following third molar removal on the other hand. The main results of the 
studies performed in this thesis are discussed in this chapter. Furthermore, some 
methodological issues are highlighted. To optimize the informed consent for patients 
regarding the management of their third molars, patient specific risk factors for the most 
common complications were identified. Obviously, more research is needed to improve 
patients experience and quality of care. These aspects are appraised in the paragraph  
future perspectives. The clinical value of the results of this thesis is presented separately in 
chapter 9. 
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Address to the aims
SECTION 1 INDICATION
What is the evidence base for removal or retention of
asymptomatic impacted third molars?
In chapter 2, a systematic review was performed to evaluate the effects of prophylactic 
removal of asymptomatic impacted third molars compared with retention (conservative 
management) of these teeth. This review was identified as a priority title in the Cochrane 
Library, which endorses the clinical importance of this review for patients and health care 
providers1. 
The conclusion of the review was that insufficient evidence was found to support or refute 
routine prophylactic removal of asymptomatic impacted third molars and, therefore, watchful 
monitoring of impacted third molars may be a more prudent strategy compared to 
prophylactic removal. 
There are two major concerns regarding this review. First, is it justified to conclude that 
monitoring (retention of the third molar) may be a more prudent strategy while no evidence 
to support or refute the removal of third molars was found? And second, it remains doubtful 
whether the selection of the inclusion criteria of the systematic review, e.g. only including 
RCT’s, is an appropriate strategy to answer the review question. 
At the time the initial protocol for the Cochrane review was written (2000), prophylactic 
removal of impacted third molars was routine practice. Since no evidence was found in the 
first Cochrane review to support or refute prophylactic removal of asymptomatic third 
molars, it was concluded that ‘watchful monitoring’ may be a more prudent strategy 
compared to removal. As such, in the year 2000, clinical practice guidelines (CPG’s) were 
introduced in both Scotland and the UK (SIGN and NHS guidelines2,3). Both concluded that, 
considering the costs and risks associated with removal, there was no valid evidence to 
support the prophylactic removal of asymptomatic impacted third molars. Immediate after 
the introduction of these guidelines, the number of patients requiring surgical removal of 
third molars dropped by 30% 4. However, since 2003, an increase in the removal of third 
molars was noted, resulting in an equal number of registered patients in the year 2010 as in 
2000. In addition, the mean age of patients requiring the removal of third molars was 
increased from 25 years, before the introduction of the NICE CPD, to 32 years in 2010 4. 
Thus, the implementation of CPGs had not resulted in a reduction in the number of third 
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molars removed.  In the contrary, due to pathology, the number of third molars requiring 
removal increased at an older age 4, 5. Although these studies are at very high risk of bias due 
to the use of hospital coding systems, professionals started to discuss whether it is still 
appropriate to advise that ‘watchful’ monitoring is an appropriate strategy while no reliable 
evidence exists to support or refute this management. 
The Cochrane Collaboration focuses particularly on systematic reviews of RCT’s because 
these are more likely to provide unbiased information. However, a RCT might not be a 
feasible design to investigate long term outcomes. 
A third molar may become symptomatic at any time during a whole lifetime, and may cause 
more significant morbidity, damage to adjacent structures and costs if removal is needed at 
an older age. Therefore studies with long follow-up periods are essential. However, it is 
almost impossible to perform a RCT with such long-term outcomes and it is unlikely that 
such studies will be published in coming decades. Including longitudinal studies with long 
follow-up terms may, therefore, be valuable to answer the review question. The disadvantage 
of these non-randomized studies (NRS) is that these are more prone to bias compared to 
RCT’s. Also, adequate assessment of the risk of bias is very challenging. The most important 
concern of NRS compared to RCT is the bias in selection of participants in the study, which 
affects NRS  to a greater extent compared to RCT’s. For example, attrition in NRS is often 
worse (and poorly reported), intervention and outcome assessment are rarely conducted 
according to standardized protocols and outcomes are rarely blind. Including these studies 
without an appropriate risk of bias assessment may lead to misinterpretation of the results 
and unreliable evidence. 
In 2014, the Cochrane Collaboration launched a new tool (ACROBAT-NRS) which allowed to 
assess the risk of bias for NRS in a more systematic way. By inclusion of NRS to establish 
long term outcomes in the update of the new review, the problems as encountered in the 
previous reviews, could be solved. After several requests, permission was granted by the 
Cochrane Oral Health Group Editors to include NRS and, as such, a more extensive update of 
the review could be performed (chapter 3).
With the new search methods, 2321 additional records were identified. After screening of all 
records 27 full-text articles were assessed for eligibility. Surprisingly, in addition to the RCT 
which was already included6, only one non-randomized study was found with sufficient 
quality of evidence to include in the update of the review7.
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In the included prospective cohort study, data over 25 years were collected from 416 subjects 
to evaluate the association of retained asymptomatic third molars with risk of adjacent 
second molar pathology based on third molar status7. The presence of a third molar that was 
soft tissue or bony impacted, significantly increased the risk of alveolar bone loss and distal 
probing depth of >4mm of the adjacent second molar compared to absence of a third molar. 
The presence of fully erupted third molars increased the risk of distal caries in adjacent 
second molars, but there was no statistically significant difference for impacted third molars. 
The NRS was assessed to be at serious risk of bias due to confounding since oral health 
status, such as frequency of dental check-ups DMFS/T (Decayed Missing Filled Surfaces/
Teeth) index and frequency of oral hygiene, were not measured. These factors may 
contribute to the development of periodontal pathology or caries and it is therefore 
important that these variables are balanced between cohorts. An advantage of this study 
was that the risk ratios were adjusted in the analyses for baseline age, smoking status, 
education and baseline second molar measures.
In the systematic review, no studies could be identified investigating health-related quality of 
life measures associated with retention or removal of asymptomatic disease-free impacted 
third molars. It was concluded that insufficient evidence was available for clinicians making 
decisions concerning the management of patients with asymptomatic impacted third molars. 
Therefore, disagreement regarding the removal of asymptomatic impacted third molars is 
still ongoing8. The key question in the debate remains: why should impacted third molars be 
removed in the absence of symptoms or pathological conditions? If we had the ability to 
reliably predict future development, prophylactic removal would perhaps be unnecessary9. 
However, reliable estimates of the onset of pathology related to retained impacted third 
molars are unavailable10 in large part due to the widespread practice of routine removal over 
the past decades. Cross-sectional studies performed in elderly in the USA11 and Finland12 
report that the majority of third molars are removed over their lifetime and that up to 80% of 
the surviving third molars have associated pathology such as caries or periodontitis in 
patients over the age of 74 years. The risk for complications increases in older patients, 
which is also referred to in this thesis (chapter 6). Therefore, if pathology is expected, it 
would be justified to remove these third molars preventively at younger age. The evidence 
from these cross-sectional studies is, however, unreliable and studies assessing the 
outcomes of retained third molars are rare due to the problems associated with a complex 
long-term prospective study design13. To summarize, there is still a need for long-term and 
well-designed prospective controlled trials, ideally randomized, comparing prophylactic 
extraction versus retention of asymptomatic impacted third molars. If randomization is not 
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possible, studies should register important baseline data such as general health, age and oral 
health status which contains the frequency of dental check-ups, DMFS/T (Decayed Missing 
Filled Surfaces/Teeth) index and frequency of oral hygiene. These factors may influence the 
outcome of pathological conditions associated with retention or removal of the third molar 
and, therefore, should be balanced between the two groups at baseline or adjusted for with 
appropriate analysis methods. 
Conclusion
Insufficient evidence is available for clinicians making decisions concerning the management 
of patients with asymptomatic impacted third molars. One study provided low quality of 
evidence suggesting the presence of asymptomatic impacted third molars is associated with 
an increased risk of periodontitis affecting the adjacent second molar in the long term 7. 
Another study found no evidence  for the removal of asymptomatic impacted third molars to 
prevent crowding in the dental arch 6. 
There is an urgent need for high quality, long-term prospective studies.
SECTION 2 DIAGNOSTICS
Is CBCT an accurate and reliable imaging modality in the assessment of 
impacted third molars compared to panoramic radiography? 
To introduce the CBCT-scan in the presurgical workup of third molars, first the diagnostic 
accuracy of this new imaging modality needs to be established. 
In a prospective study including 56 third molars with an increased risk of inferior alveolar 
nerve injury, the diagnostic accuracy and reliability of CBCT compared to panoramic 
radiography in predicting IAN exposure was investigated (chapter 4)14,15. In contrast to our 
hypothesis, no difference in the diagnostic accuracy between CBCT and panoramic 
radiography was found. It seems that only contact between the MC and third molar root, as 
seen on a CBCT, is not an accurate criterion to predict IAN exposure during surgery. From the 
knowledge retrieved in recent years, not only contact but also the shape of the MC seems to 
be an important variable in predicting IAN injury (chapter 6). Using a narrowed configuration 
of the MC in relation to the tooth root as the predictive variable, instead of only contact 
between the third molar root and canal on CBCT images, might increase the diagnostic 
accuracy of CBCT. A possible drawback of these validation studies is that, despite thorough 
examination, small exposures of the inferior alveolar nerve in depth of the tooth socket might 
have been missed. Therefore, the existence of direct contact between the tooth root and MC 
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might have been underestimated. 
The results of our study further showed that CBCT is a reliable tool to assess the bucco-
lingual position of the MC in relation to the tooth root, which is not possible on a panoramic 
radiograph. This is in line with other studies, in which also a higher inter- and intra-observer 
agreement is found for CBCT regarding position, contact and number and shape of the third 
molar roots as compared to panoramic radiography16-18. 
Does a CBCT influence the risk assessment for IAN injury and
the surgical plan compared to panoramic radiography? 
The potential clinical relevance of CBCT was investigated in chapter 5. The importance of 
preoperative radiographic assessment of the third molar and its relation with the mandibular 
canal is twofold. First, the patient should receive optimal information about the risk of injury 
to IAN to obtain informed consent. This enables the patient to decide, whether or not, to 
remove the tooth and to prepare for possible consequences. Secondly, it provides the 
surgeon the opportunity to adjust the surgical plan in order to prevent damage to the nerve 
by using the proper surgical instruments and  by circumventing certain actions. In the study 
presented in chapter 5, a significant difference in risk assessment for IAN injury when 
observing CBCT-scans versus panoramic radiographs was found. After reviewing the CBCT 
images, significantly more subjects were reclassified to a lower risk for IAN injury compared 
with the panoramic radiograph assessments. These results were in agreement with another 
study investigating the role of medical CT in the preoperative assessment of mandibular third 
molars19. Also in their study the majority of patients, that were deemed to be at high risk for 
IAN injury based on panoramic radiographs, was reclassified to a lower risk category using 
medical CT. One may conclude that a CBCT would have the potential to decrease the risk 
IAN injury and thereby improve the quality of life of patients. However, above mentioned 
results were based on a theoretical surgical plan. It should be realized that, during the actual 
removal of the third molar, difficulties may occur necessitating an adjustment of the initial 
plan which may consequently influence the clinical outcome. Therefore, whether a patient 
actually benefits from additional CBCT information is still a topic of discussion in daily 
practice. Data from several retrospective studies and case series suggested a reduction in the 
incidence of IAN injury following third molar removal20, 21, whilst others reported no 
differences in outcome22-24. Meanwhile, the use of CBCT for the evaluation of third molars 
was increasing rapidly25, 26 resulting in a higher overall radiation exposure and increasing 
costs. Well-designed, randomized trials were needed to investigate the potential benefits of 
CBCT on the patient’s outcome27.
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Conclusion
No significant difference in the diagnostic accuracy of CBCT compared to panoramic 
radiography in predicting inferior alveolar nerve exposure was observed. However, CBCT 
proved to be a reliable imaging modality to assess the relation of the mandibular canal and 
the third molar in all dimensions. This information changed the risk assessment for IAN 
injury and subsequently the surgical plan compared to panoramic radiography. Whether the 
additional information provided by CBCT actually will reduce the incidence of IAN-injury is 
still topic of debate. 
SECTION 3 PREVENTION OF COMPLICATIONS
Can a Cone Beam CT reduce the incidence of IAN injury and other 
complications following third molar removal? 
A randomized trial was conducted to address this important question (chapter 6). Although 
the use of additional CBCT information provided reliable additional information (chapter 4), 
which changed the surgical plan before surgery as compared to panoramic radiography 
(chapter 5), no effect on patients outcome in case of complete removal of the third molar 
was seen. A recent study using data from insurance companies in Finland, corroborated that 
a rapid increase in CBCT examinations prior to third molar removal did not result in a 
reduction of the incidence of permanent IAN injury28. During the recruitment of our patients 
in 2014, the first RCT was published, in which CBCT was compared to panoramic 
radiography in predicting postoperative complications following third molar removal18. 
Similar to the results of our study, no significant difference between CBCT and panoramic 
radiography was found for the outcomes of IAN injury and other postoperative 
complications. One month following publication of our study (chapter 6), a third RCT was 
published online comparing the use of CBCT with panoramic radiography in Denmark prior 
to third molar removal29. Also in this study, the use of CBCT did not significantly reduce the 
number of neurosensory disturbances.  
The decision to perform a CBCT should be based on the ‘As Low As Reasonably 
Achievable’(ALARA) principle, meaning that the radiographic technique with the lowest 
radiation dose should be used to obtain the adequate information needed. Although the 
radiation exposure of CBCT differs widely between devices, the mean effective dose of the 
mandible alone is reported to be 102μSv30, which is five times higher compared to panoramic 
radiography with an effective dose of approximately 24 μSv31. According to the results from
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 the multicentre RCT (chapter 6) and other recently published RCT’s 2918, the patient does not 
benefit from a pre-operative CBCT and therefore the extra radiation exposure associated 
with CBCT does not justify the use of this imaging modality in case of third molar removal. 
It is argued that the risk for IAN injury is surgeon dependent, with an increased risk in 
inexperienced hands20. Although this seems plausible, we did not found this association 
which is also in line with other studies32,33.  So, even in experienced hands, the neurovascular 
bundle during removal of the third molar roots can be manipulated causing temporary or 
permanent IAN injury. In high-risk cases, a coronectomy might be a good alternative, by only 
removing the crown and leaving the roots undisturbed. However, also a coronectomy has 
disadvantages, such as the requirement of a second surgical procedure to remove the roots. 
A recent study performed in the Netherlands reported an incidence of a second surgical 
procedure of 11,3% within the first 6 months after surgery34. Furthermore long-term adverse 
effects associated with coronectomy are not known35. It is shown that the retained third 
molar roots keep migrating for at least the first 2 years36. Although coronectomy is reported 
to be a safe procedure, with no increase in alveolar osteitis, infection or pain in the short term 
37, a recent Cochrane systematic review concluded that the two RCT’s performed had a high 
risk of attrition bias and were, therefore, not sufficiently reliable to include in the review. 
Therefore, in our opinion, a coronectomy should only be performed in selected cases of a 
high risk for IAN injury38.   
Can preventive irrigation of the surgical site with water using
a Monoject® syringe reduce the incidence of inflammatory 
complications following third molar removal? 
To support the oral hygiene in and around the tooth socket and to prevent inflammatory 
complications following surgical removal of lower third molars, some surgeons instruct the 
patient to irrigate the surgical site with drinking tap water using a syringe. In contrast, other 
surgeons strongly discourage irrigation since it might wash out the blood clot in the tooth 
socket and thereby induce alveolar osteitis following third molar removal.  Surprisingly, no 
studies could be identified investigating the efficacy of preventive irrigation using a syringe. 
In chapter 7, the effectiveness of irrigation of the surgical site using a Monoject® syringe was 
investigated in a multicenter randomized trial.  It was proved that irrigation of the surgical 
site with drinkable tap water using a syringe following removal of third molars was effective 
in reducing the risk of inflammatory complications.  
The design of this study showed several important advantages. Due to the Web-based 
randomization and data entry a wide range of patient characteristics in a prospective way 
173172
 
D
IS
CU
SS
IO
N
 
 
could be gathered. The baseline characteristics and possible risk factors for postoperative 
complications were, therefore, well balanced between both study arms. Second, the study 
was performed in three different settings (university clinic, public hospital and private clinic) 
with different surgeons being educated in different centers, which implies good 
generalizability. Finally, the patients were asked to demonstrate the use of the syringe. As a 
consequence, it was possible to measure the true effect of the irrigation (Treatment Received 
Analyses, TRA) since patients who did not use the syringe according to the instructions were 
excluded. TRA emphasized that the irrigation was even more effective in reducing the risk of 
alveolar osteitis when the Monoject® syringe was used adequately. 
The results from chapter 7 further confirmed that inflammatory complications, following the 
surgical removal of mandibular third molars, were associated with significantly more pain, 
more trismus and reduced quality of life, which is in line with other studies 39-41. This resulted 
in an increased number of postoperative visits and more missed days of work or study as 
compared to patients without these complications. Given the high volume of third molar 
removal and the high incidence of inflammatory complications, the effect of rinsing with a 
Monoject® syringe using tap water is expected to improve the overall quality of life and to 
reduce the costs significantly. Further research is needed to confirm this results. 
The great benefit of water is the availability and cost-effectiveness compared to traditionally 
used preventive measures such as chlorhexidine rinses. Furthermore, it might be an 
attractive alternative given the possible adverse effects and bacterial resistance 
accompanied with the use of prophylactic antibiotics42, 43.  
Conclusion
Additional CBCT imaging has no effect in reducing the incidence of IAN injury and other 
complications compared to panoramic radiography following complete removal of impacted 
third molars.  
Irrigation of the surgical site with drinking tap water, using a Monoject® curved syringe and 
starting 48 hours after third molar removal is effective in reducing the risk of inflammatory 
complications. The irrigation is even more effective in reducing the risk of alveolar osteitis 
when the syringe is used appropriately by the patient, according to the instructions of the 
surgical team. 
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SECTION 4 RISK PROFILE
Which patients are at risk for inferior alveolar nerve injury
following removal of third molars? 
Many studies are performed to identify risk factors for inferior alveolar nerve injury while 
removing third molars. Nevertheless, the most important risk factor seems to remain the 
anatomical relationship between the mandibular canal (MC) and the third molar root32,44. 
In 1990 Rood & Shehab described seven radiographic signs on panoramic radiographs which 
were associated with a higher risk for inferior alveolar nerve injury while removing third 
molars; darkening of the root, interruption of the white line, deviation of the MC, deflection of 
the roots, narrowing of the roots, narrowing of the MC and finally a bifid root apex45. Since 
then, most studies used this classification to define an anatomical intimate relationship 
between the mandibular canal and third molar root. In our first prospective study, as 
described in chapter 4, we performed a logistic regression analysis to obtain the optimal 
independent panoramic radiographic sign which could predict IAN exposure. Only one 
radiographic sign, darkening of the root, was significantly associated with IAN exposure. This 
result corroborated with other reports, that darkening of the root is one of the most 
significant radiographic signs in predicting IAN exposure14 and IAN injury45. In our 
randomized controlled trial (chapter  6) once again a significant association was found for 
inferior alveolar nerve injury, namely darkening of the root and interruption of the white line 
of the MC. Recently, a meta-analyses was performed to evaluate the diagnostic value of 
darkening of the root 46. In 9 publications a significant association was found between this 
radiographic sign and an increased risk for inferior alveolar nerve injury. The authors 
concluded that darkening of the roots had a high specificity in predicting IAN injury after 
third molar removal, however, its positive predictive value was not satisfactory. Furthermore, 
an obvious heterogeneity was seen across all the included studies. Although not mentioned 
by the authors, this heterogeneity might be the result of the high inter- and intra-observer 
variability of the panoramic signs17,47,48. Apparently, examiners are unable to reliably assess 
these signs which indicates that panoramic radiography may not be an appropriate imaging 
modality to identify a patient with a high risk for IAN injury48. A more simple method to 
identify whether a patient has an increased risk for IAN injury on a panoramic radiograph, is 
to measure the vertical distance of the third molar root in relation with the mandibular canal. 
In a prospective study including 2528 subjects, Hasegawa et. al49 found a significant 
increased risk for IAN injury when more than one half of the height of the mandibular canal 
was overprojected by the third molar roots. To keep the inclusion of patients for the 
multicentre RCT more simple and uniform, we chose to use this vertical relationship as 
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inclusion criteria instead of the radiographic markers introduced by Rood & Shehab as used 
in our previous study (chapter 4). 
The amount of overprojection was classified in three categories: 1) root tip below the inferior 
border of the MC, 2) root tip between inferior border and half of MC and 3) root tip at half of 
the MC. This classification would possibly result in a more patient specific risk assessment. 
A possible drawback could be that assessment of the vertical dimension on panoramic 
radiography might not be accurate. It is well known that lingually positioned structures may 
be projected upwards on panoramic radiographs50. Nevertheless, the results from the 
multicenter RCT showed that almost 20% of the removed third molars, in which the root tip 
ended below the inferior border of the MC as assessed on panoramic radiographs, caused 
temporary IAN injury and 8,5 % resulted in permanent IAN injury. In case of a class 2 
relationship (root tip between the inferior border and half of the MC) these incidences were 
2,8% and 0% respectively. When applying this classification retrospectively to the data 
extracted from the first conducted study (chapter 4), comparable results were found. All five 
patients with IAN injury showed wisdom teeth with a class 1 relationship; the incidence of 
temporary IAN injury was 23% for all class 1 relationships. This indicates that this 
classification might be useful to select patients with an higher risk for IAN injury. However, 
more studies are needed to verify these results.
In the prospective study performed in 2008 (chapter 4), a new predictive variable for IAN 
injury was identified: a lingually positioned MC to the third molar root was at higher risk for 
IAN injury. This was confirmed later on by several retrospective33, 51 and prospective studies52. 
The multicenter RCT corroborated once again the significant association between a lingually 
positioned MC and IAN injury; in all cases of permanent IAN injury, the MC was positioned 
in a lingual position. In contrast to the panoramic radiography, CBCT proved to be a reliable 
tool to optimally assess the position of the root in relation to the MC with a low inter-
observer variability (chapter 4). 
An interesting finding in the multicentre RCT was the correlation between the shape and 
bucco-lingual position of the MC; a significantly more round or oval shape of the MC was 
found, when the canal was in a buccal or inferior position in relation to the roots of the third 
molar. This might be the result of the anatomic shape of the mandible since there is more 
marrow bone at the buccal aspect of the third molar as compared to the lingual side. 
Narrowing of the MC proved to be a strong risk factor for IAN injury. This narrowing was 
more prevalent when the MC was in a lingual or interradicular position in relation to the third 
molar roots. We hypothesize that, due to a lack of space, the MC shows this narrowed 
configuration, implicating that, even by the slightest pressure executed during third molar 
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removal, the already ‘compressed’ canal may get crushed even further between the lingual 
cortex and the third molar root. Another interesting finding was that permanent IAN injury 
only occurred when the narrowed lingual MC showed a class 1 vertical relationship. 
Moreover, it is suggested that the risk of IAN injury increases when the surface area of 
contact between the third molar root and the narrowed MC is larger53, which is obviously 
more prevalent in the class 1 vertical relationships. 
The risk that an IAN injury occurs during the removal of a third molar is multifactorial in 
nature. Even if preoperative imaging shows no signs of an intimate relationship between the 
third molar and MC, still injury of the IAN can occur during injection of local anesthetics. 
Furthermore, in a low risk patient with a buccally positioned round MC without interruption 
of the cortex, the surgeon might slip out with the bur perforating the MC and cause direct 
injury to the IAN. It is argued that the risk for IAN injury is surgeon dependent, with an 
increased risk in inexperienced hands. Although this seems plausible, this association was 
not established. Despite the experience of the surgeon, the results from both our  studies 
inevitably proofed that the anatomical relationship between the third molar root and MC is 
the most important risk factor for IAN injury. Interestingly, in both studies (chapter 4 and 6) 
the same pattern of new predictive variables for IAN injury were identified: a narrowed 
lingual positioned MC in a class 1 vertical relationship. This enables the surgeons to provide 
more individual information about the risk of IAN injury which may influence the decision 
making in the management of lower third molars. Although the number of patients with IAN 
injury is limited, the impact of an IAN injury is high. Therefore, it should be emphasized that 
more studies are needed to verify our results. 
In case of an increased risk for an IAN injury solely based on information from a panoramic 
radiograph,  the decision can be made to perform a coronectomy. As the long term outcomes 
of a coronectomy are still unknown, this alternative strategy should be performed exclusively 
in patients with a high risk for IAN injury. 
Our multicentre RCT showed that, in cases where the panoramic radiograph reveals a class 1 
vertical relationship in combination with signs of a close relationship, still 50% of the 
coronectomies can be avoided based on the extra information provided by the CBCT. 
Therefore, CBCT remains valuable to identify the patient with a true high risk for IAN injury; 
patients with a narrowed, lingual positioned MC in a class 1 vertical relationship to the third 
molar root are at a high risk for IAN injury. 
In chapter 9, a new strategy in the diagnostics and management of third molars is presented. 
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Which patients are at risk for inflammatory complications
following removal of impacted third molars?
Although the risk for inflammatory complications following surgical removal of third molars 
is multifactorial in nature, identifying risk factors will aid to inform the patients more 
accurately about these complications. In chapter 7, a multivariate regression analyses was 
performed to identify predictive variables for inflammatory complications following removal 
of impacted third molars. 
The most significant risk factor for inflammatory complications was the female gender. The 
odds of developing inflammatory complications was 5 times higher for female patients 
compared to male patients. Although the increased risk for female patients is reported in 
most studies39, 54-57, many surgeons are not aware of this important risk factor. This 
knowledge is important in order to provide more personalized information and to apply extra 
preventive measures for female patients in order to reduce the risk of complications. It is 
suggested that the higher incidence of alveolar osteitis in female patients is caused by the 
use of oral contraceptives. Estrogen in oral contraceptives has shown to cause elevated 
plasma fibrinolytic activity58, which could in turn cause lysis of the blood clot59-61. The 
multivariate regression analyses in chapter 7, however, did not show any effect of the use of 
oral contraceptives on the occurrence of postoperative complications following third molar 
removal. 
In contrast to the female gender, many practitioners are aware of the higher risk of 
inflammatory complications in older patients. In line with other studies39, 62, multivariate 
regression analyses showed an increased risk for inflammatory complications in the group of 
patients older than 26 years. As patient ages, the alveolar bone around the teeth becomes 
highly calcified, thereby less elastic and more resistant against bending under the forces of 
tooth removal. This explains that tooth removal in older patients is more traumatic and, as 
such, is thought to be one of the contributing factors for the increased risk of inflammatory 
complications60.  Also histological data corroborate these findings; around impacted third 
molars in older patients less viable cell numbers in the bone were encountered63.
Furthermore, despite absence of clinical signs, in older patients a high rate of osteomyelitis 
was found in the bone adjacent to the third molar crown, suggesting that age indeed 
contributes to a higher risk of inflammatory complications63. Also severe infections following 
third molar removal needing hospitalization are more commonly seen in older patients64. 
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The multivariate regression analyses in this study emphasized that removal of bone, deep 
impactions and less experienced surgeons, were independent significant risk factors for 
inflammatory complications. These factors all indicate a more traumatic tooth removal, and 
confirm its association with postoperative complications, which is also demonstrated in 
previous studies60,65-68. In our study no relationship was observed between smoking, oral 
hygiene, immune-compromised patients and inflammatory complications as was 
demonstrated in previous studies57,59,67,69, probably due to a low incidence of such patients in 
our study population. It is plausible that these factors do contribute to inflammatory 
complications following third molar removal. 
Bacteria were suggested to play an important role in the development of alveolar osteitis and 
wound infection59,67,70,71. Despite a lack of scientific evidence, it was hypothesized that 
fragment and debris remnants could also lead to a disturbed wound healing, and thereby 
possibly contribute to the development of alveolar osteitis59. The results from the study in 
chapter 7 showed a strong significant association between high amount of debris remnants 
at the surgical site and inflammatory complications. This thesis, therefore, provides new 
evidence that debris remnants should be regarded as one of the contributing factors for 
alveolar osteitis. It seems reasonable that preventive removal of the debris may reduce the 
incidence of complications. 
Conclusion
A close relationship between the mandibular canal and third molar root was the only risk 
factor for IAN injury. A class 1 vertical overprojection of the third molar root with the 
mandibular canal (MC) in combination with darkening of the roots and interruption of the 
white line of the MC, as assessed on panoramic radiographs, were significantly associated 
with an increased risk for IAN injury. However, the panoramic radiograph was not a reliable 
imaging modality to assess this relationship with a low inter-observer agreement. In contrast, 
CBCT proved to be a reliable imaging modality to identify a high risk for IAN injury: both a 
lingual position and narrowing of the MC, in which the diameter of the MC-lumen was 
decreased at the contact area between the MC and the roots, were significant risk factors for 
an IAN injury.
Female gender, being above 26 years of age, bone removal, deep impacted third molars, less 
experienced surgeons and a high amount of debris at the surgical site were identified as risk 
factors for developing inflammatory complications following lower third molar removal.
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FUTURE PERSPECTIVES
The main aim of this thesis was to improve the overall quality of life of patients with 
impacted third molars. All problems associated with impaction and removal would be 
resolved, if selective agenesis of the third molar could be induced.  Recently, gene mutations 
were isolated which might be responsible for third molar agenesis. With gene modification 
the formation of a third molar may be suppressed in the future. In a recently published 
retrospective study, Swee et al. found a significant greater incidence of missing third molars 
in patients who had a history of receiving inferior alveolar nerve block between the ages of 2 
and 6 years72. They hypothesized that trauma induced by the needle might have damaged the 
bud of the third molar at a very early stage, as such, preventing the development of the third 
molar. Although this study showed severe limitations, the theory of preventing the 
development of a third molar and associated problems is very interesting and an onset for 
future research. 
Until that moment is reached, removal of third molars remains necessary to treat patients 
with symptoms associated with these teeth. The removal of asymptomatic third molars, 
however, remains a topic of discussion. Although some evidence was found in this thesis that 
remaining impacted third molars in place, increases the risk of second molar pathology on 
the long term, there is still need for well-designed trials to evaluate the effectiveness of 
removal of asymptomatic third molars compared to conservative management. Due to 
limited evidence, dentists and oral- and maxillofacial surgeons predominately rely on their 
own clinical experience, in the decision ‘whether or not’ to remove an asymptomatic 
impacted third molar. In our opinion, patients values and preferences should play a more 
prominent role in the decision-making. To encourage the participation of the patient, shared 
decision making instruments should be developed for third molar removal in the future. An 
example is a web-based tool launched by the healthwise.org®. This tool (www.healthwise.
org) informs about the risks and benefits of retention or removal of the third molar and 
guides the patients to a decision. It is important to evaluate the effectiveness of such a tool 
before implementing it in practice: does a shared decision tool actually change the decision 
of the patient for third molar removal and will the patient actually benefit in terms of health 
and quality of life? To optimize such a shared decision tool, accurate information should be 
implemented about the risks and benefits of third molar removal. 
Ideally, the patient should receive his or her personalized risk profile for the most common 
complications in a website or application for a smartphone. The dentist or surgeon should be 
able to upload patients characteristics such as age, health and smoking habits in this file. The 
panoramic radiograph can be uploaded, from which an automatic segmentation of the tooth 
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and surrounding structures can be performed. Following this segmentation procedure, the 
classification of depth of impaction and the vertical relationship of the tooth root with the 
MC can be calculated by the application. We have already tested the first segmentation 
using the program Matlab®, however, this needs further optimization.
With the combination of demographic, clinical and radiographic data, the patient should 
receive individualized information about his risk of complications following third molar 
removal. By linking this application to a validated shared decision tool, the patient should be 
able to perform a risk/benefit analysis, whether or not, to remove the tooth and, afterwards,  
to schedule the appointment with the surgeon using the same tool. In this way, the patient, 
would already be accurately informed when starting his conversation with the doctor. This 
will upgrade the quality of the conversation, even if this conversation might be eventually 
shorter compared to not well informed or prepared patients. This ‘participatory medicine’ 
has the potential to improve outcomes, increase patient satisfaction and reduce the costs of 
care. To create such a tool, it is necessary to further identify predictive variables for 
complications following third molar removal. In this thesis, important risk factors have been 
identified, but meta-analyses of more well-designed trials are needed to confirm our results. 
Having a CBCT-scan prior to third molar removal did not result in a reduction of nerve lesions 
in this thesis. Although CBCT provides accurate information in an axial, sagittal and 
transversal plane, the images are still presented in a two-dimensional view. 
3D-reconstructions might result in a better perception of the anatomy of the third molar root 
in relation with its surrounding structures. At this moment, however, techniques for 
automatic segmentation of the mandibular canal and the third molar on CBCT images are not 
satisfactory, still requiring manual segmentation to obtain a 3D-reconstruction. These 
techniques are not only time-consuming, they also introduce the risk of errors during the 
segmentation. With the development of automatic segmentation techniques in the future, it 
may be possible to obtain an accurate 3D-reconstruction of the third molar and its adjacent 
structures within seconds. Perhaps this will result in a reduction of IAN injury following 
complete third molar removal.  Although, observing a high risk factor on 3D-reconstructed 
CBCT images does not automatically mean that all risks can be circumvented during surgery. 
An interesting development is the introduction of augmented reality in the planning of 
surgical procedures. This technology superimposes a computer generated image on the 
surgeons view of the surgical field, and is now being tested at our department for planning of 
craniofacial surgical procedures and in implantology. Future advancement in this technology 
enables surgeons to obtain real time the 3D-reconstructed images of the third molar and its 
adjacent structures during surgery. Surgeons are then able to observe real-time in the same 
view which movements of the tooth root would manipulate the IAN during surgery, 
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information that also can be supplemented with tactile feedback built in the surgical 
instruments. All these technical advancements have the potential to reduce the risk of IAN 
injury following removal of the third molars in the future.
For today, in a high risk case, manipulation of the third molar roots by removing the full third 
molar should be avoided. Based on the results from this thesis, we propose a new strategy in 
the management of patients in case of  an increased risk for IAN injury, which is presented in 
a flowchart in the next chapter. This strategy aims for eliminating IAN injuries from the list of 
complications following third molars. In a future prospective multicentre study, the 
effectiveness of this new strategy will be evaluated. Furthermore, the applicability of the 
proposed strategy in general clinical practice should be investigated. 
A final but crucial step is the implementation of evidence found in this thesis into clinical 
practice.  A body of research showed that new evidence does not automatically lead to 
significant changes in healthcare73. An effective way to close the gap between evidence and 
clinical decision making is the development of evidence-based clinical practice guidelines 
(CPG’s). As such, the development of an evidence based CPG  regarding the management of 
impacted third molars in the Netherlands is started in 2016. Implementation of CPG-
recommendations could benefit both patients and health care providers by making shared 
decision regarding the management of impacted third molars, thereby bringing us closer to 
actually achieve the aim of this thesis: improving our patients’ quality of life.
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Chapter 10
Summary 
Nederlandse samenvatting
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Summary
The removal of impacted third molars is one of the most common surgical procedures 
performed by oral and maxillofacial surgeons. Also asymptomatic impacted third molars, i.e. 
third molars without symptoms and evidence of disease, are removed at a large scale in order 
to prevent problems in the future. The main drawback of third molar removal is the risk of 
complications with associated morbidity and costs. Most prevalent complications are 
alveolar osteitis, wound infection and damage to the inferior alveolar nerve (IAN). These 
complications have a significant impact on the quality of life, resulting in loss of patient’s 
productivity and working days. 
The aim of this thesis was to reduce the overall morbidity associated with the removal of 
impacted third molars and, thereby, to improve the quality of life of patients by evaluating the 
indication for removal of impacted third molars on the one hand and to investigate measures 
in order to reduce the most common complications following third molar on the other hand. 
In chapter 2 and 3, Cochrane systematic reviews were performed to evaluate the effects of 
removal compared to retention (conservative management) of asymptomatic impacted third 
molars. In chapter 2, only RCT’s were eligible for inclusion. In an update of the review 
presented in chapter 3, also non-randomized trials were considered for inclusion. Only 2 
studies were of sufficient quality to be included in the update of the review. Unfortunately, no 
eligible studies could be identified in which the effect of the removal compared with the 
retention of asymptomatic impacted wisdom teeth on health-related quality of life was 
reported. One study provided low quality evidence suggesting the presence of asymptomatic 
impacted third molars is associated with an increased risk of periodontitis affecting the 
adjacent second molar in the long term. Another study found no evidence to suggest the 
removal of asymptomatic impacted third molars has an effect on crowding in the dental arch. 
Overall, it was concluded that insufficient evidence is available for clinicians making 
decisions concerning the management of patients with asymptomatic impacted third molars 
and that there is an urgent need for high quality, long-term prospective studies. 
Chapter 4,5 and 6 focused on the value of Cone Beam CT (CBCT) in order to prevent damage 
to the inferior alveolar nerve following removal of impacted third molars. The diagnostic 
accuracy and reliability of CBCT prior to third molar removal was investigated in chapter 4. In 
a prospective study, the predictive variables on panoramic radiographs and CBCT scans of 
40 patients with 53 impacted third molars were correlated with IAN exposure during surgery 
and IAN injury following surgery. There was no significant difference in the diagnostic 
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accuracy between the panoramic radiograph and CBCT in predicting IAN exposure during 
surgery. However, the CBCT proved to be a more reliable imaging modality to assess the 
relationship between the mandibular canal and the roots of the third molar compared to 
panoramic radiography. A lingual position of the mandibular canal in relation to the third 
molar root was significantly associated with IAN injury.
Once the use of CBCT was validated in the assessment of mandibular third molars and their 
relationship with the mandibular canal, its potential clinical implication needed to be 
evaluated. In chapter 5 the role of CBCT in the risk assessment for IAN injury and the 
consequences for the surgical planning was investigated. Two oral maxillofacial surgeons 
independently planned the surgical technique and estimated the risk of IAN injury on 
panoramic radiographs and on CBCT images from the included patients in chapter 4 (n= 40 
patients, 53 third molars). Risk assessment for IAN injury based on panoramic radiography 
compared with CBCT imaging differed significantly. After reviewing the CBCT images, 
significantly more subjects were reclassified to a lower risk for IAN injury compared with the 
panoramic radiograph assessments. This change in risk assessment also resulted in a 
significantly different surgical approach. It was concluded that CBCT contributes to an 
optimal risk assessment and, as a consequence, to more adequate surgical planning, 
compared with panoramic radiography.
To evaluate the effectiveness of CBCT, logically, the question was raised if the additional 
information, which is provided by the CBCT, actually decreases complications following 
removal of the mandibular third molars, including the incidence of IAN injury. In chapter 6, a 
multicenter randomized controlled trial was performed to investigate the effectiveness of 
CBCT compared to panoramic radiography in reducing patient morbidity, and to identify risk 
factors associated with inferior alveolar nerve (IAN) injury. A total of 268 patients with 320 
mandibular third molars were analyzed. The overall incidence of IAN injury 1 week after 
surgery was 6.3%. No significant differences between CBCT and panoramic radiography for 
IAN injury and quality of life were registered. A lingual position of the mandibular canal (MC) 
and narrowing, in which the diameter of the MC-lumen was decreased at the contact area 
between the MC and the roots, were significant risk factors for IAN injury. It was concluded 
that, although CBCT is a valuable diagnostic adjunct for identification of an increased risk for 
IAN injury, the use of CBCT does not contribute to a reduction of IAN injury and other 
postoperative complications, after removal of the complete mandibular third molar. In these 
selected cases of a high risk for IAN injury, an alternative strategy, such as monitoring or a 
coronectomy, might be more appropriate.
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Chapter 7 focused on inflammatory complications following removal of impacted third 
molars. In a multicenter randomized trial, the effectiveness of postoperative irrigation of the 
socket with drinking tap water, using a Monoject® syringe on inflammatory complications 
following lower third molar removal was evaluated. Furthermore, risk factors for 
inflammatory complications following removal of impacted third molars were identified. A 
total of 280 patients with 333 mandibular third molars were analyzed. Inflammatory 
complications were associated with significant negative outcomes regarding quality of life, 
pain, and trismus and caused significantly more missed days of work or study. Female 
gender, age >26, bone removal, deep impacted third molars, less experienced surgeons, and 
a high amount of debris at the surgical site were identified as risk factors for developing 
inflammatory complications following lower third molar removal. Irrigation of the surgical 
site with drinking tap water using a curved syringe starting 48 hours after removal of third 
molars significantly reduced  the risk of inflammatory complications. Water is a very 
accessible, cost-effective irrigate without side effects and the results from the study 
presented in chapter 7 have proven that it can be used to reduce the risk of inflammatory 
complications and associated morbidity following lower third molar removal.
In chapter 8 the aims set out in the first chapter were discussed. Furthermore, ideas for 
further research were outlined. In chapter 9 an overview was provided on the possible 
implications of this thesis for clinical practice. 
195194
 
SU
M
M
A
RY
Samenvatting
Het verwijderen van geïmpacteerde verstandskiezen is één van de meest uitgevoerde 
verrichtingen door de Mondziekten-Kaak en Aangezicht (MKA)-chirurg. Ook asymptomatische 
verstandskiezen, dat wil zeggen verstandskiezen die nog niet tot klachten bij de patiënt leiden, 
worden op grote schaal verwijderd met het doel om problemen in de toekomst te voorkomen. 
Bij het verwijderen van verstandskiezen  kunnen echter ook complicaties optreden met een 
verminderde kwaliteit van leven tot gevolg. De meest voorkomende complicaties zijn alveolitis, 
wondinfectie en schade aan de nervus alveolaris inferior (NAI).
Het doel van dit proefschrift was om de morbiditeit, die gepaard gaat met het verwijderen van 
verstandskiezen, te reduceren en daarmee de kwaliteit van leven van patiënten te verbeteren.  
Om deze doelstelling te behalen werd gepoogd om enerzijds de indicatiestelling voor het 
verwijderen van geïmpacteerde verstandskiezen kritisch te evalueren (hoofdstuk 2 en 3) en 
anderzijds mogelijkheden te onderzoeken om het risico op de meest voorkomende complicaties 
te reduceren (hoofdstuk 4 t/m 7). 
In hoofdstuk 2 en 3 werden twee Cochrane ‘systemetic reviews’ uitgevoerd om te evalueren 
wat de effecten zijn van verwijdering van asymptomatische verstandskiezen  op de kwaliteit 
van leven in vergelijking met de conservatieve aanpak: het ‘in situ’ laten van deze kiezen. In het 
eerste review (hoofdstuk 2) werden conform destijds geldende richtlijnen van de Cochrane 
Oral Health Group alleen gerandomiseerde klinische studies (RCT’s) geïncludeerd. In een 
update van dit review (hoofdstuk 3) werden de inclusiecriteria uitgebreid door ook niet-
gerandomiseerde studies toe te laten. Uiteindelijk werden slechts twee studies geïdentificeerd, 
die van voldoende kwaliteit waren om te worden geïncludeerd. In één van deze studies werd 
alleen de uitkomstmaat van schade aan de aangrenzende 2e molaar gerapporteerd. In de 
andere studie werd het effect van verwijderen van asymptomatische verstandskiezen op 
‘crowding’, het over elkaar schuiven van tanden, in de tandboog onderzocht. Het ‘in situ’ laten 
van geïmpacteerde verstandskiezen op langere termijn bleek een verhoogd risico te geven op 
parodontaal afbraak van de aangrenzende tweede molaar. Het verwijderen van geïmpacteerde 
asymptomatische verstandskiezen bleek geen effect te hebben op ‘crowding’ in de tandboog. 
Beide studies waren echter van lage kwaliteit. Uiteindelijk werd in dit ‘systematic review’  
geconcludeerd dat onvoldoende bewijs beschikbaar is om een wetenschap gefundeerde 
beslissing te kunnen nemen met betrekking tot het verwijderen van  asymptomatische 
geïmpacteerde verstandskiezen.  Er is dan ook behoefte aan goed opgezette prospectieve 
studies van hoge kwaliteit met een lange-termijn follow-up.
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In hoofdstuk 4,5 en 6 werd de waarde van Cone Beam CT (CBCT) onderzocht met betrekking 
tot de preoperatieve diagnostiek van geïmpacteerde verstandskiezen bij patiënten bij wie op 
het OrthoPanTomogram (OPT) te zien was  dat tijdens verstandskiesverwijdering schade aan 
de NAI zou kunnen ontstaan. Allereerst werd in hoofdstuk 4  de diagnostische accuratesse 
en betrouwbaarheid van de CBCT onderzocht en vergeleken met het OPT. In een 
prospectieve studie werden bij 40 patiënten (53 geïmpacteerde verstandskiezen) de OPT- en 
CBCT-beelden vergeleken. Vervolgens werd getoetst of tijdens de ingreep daadwerkelijk 
expositie van de NAI plaatsvond en of dit vervolgens ook tot nervusschade leidde.  Geen 
significant verschil werd gevonden in de diagnostische accuratesse tussen  OPT en CBCT in 
het voorspellen van zenuwexpositie en zenuwschade bij het verwijderen van geïmpacteerde 
verstandskiezen. In vergelijking met het OPT bleek de CBCT wel een hogere betrouwbaarheid 
te hebben in het beoordelen van de relatie van de canalis mandibularis (CM) met de wortels 
van de verstandskies. Een linguale positie van de CM ten opzichte van de wortels van de 
verstandskies bleek significant geassocieerd met het ontstaan van schade aan de NAI.
Na deze validatiestudie werd in hoofdstuk 5 de waarde van de CBCT geëvalueerd met 
betrekking tot het inschatten van het risico op NAI-schade. Tevens werd onderzocht welke 
consequenties dit heeft voor de chirurgische benadering.  Het risico op schade aan de NAI en 
geplande chirurgische techniek werden door 2 MKA chirurgen beoordeeld aan de hand van 
de CBCT en OPT beelden van de geïncludeerde patiënten in hoofdstuk 4 (n = 40 patiënten, 
53 verstandskiezen). Na beoordelen van de CBCT beelden werd het risico op zenuwschade 
significant vaker lager ingeschat dan werd gedaan op basis van beoordeling van alleen de 
OPT-beelden. Dit resulteerde ook in een significant verschil in chirurgische benadering. 
Geconcludeerd werd dat, in vergelijking met het OPT, een CBCT bijdraagt aan een optimale 
risicobeoordeling waardoor een betere chirurgische planning wordt bereikt.
Om de effectiviteit van CBCT te evalueren ontstond logischerwijs de vraag of de aanvullende 
informatie, die wordt geleverd aan de hand van een CBCT, daadwerkelijk ook  leidt tot minder 
complicaties na verwijdering van verstandskiezen in de onderkaak. In hoofdstuk 6 werd een 
multicenter gerandomiseerde klinisch onderzoek uitgevoerd om de effectiviteit van CBCT te 
onderzoeken in vergelijking met OPT, in het verminderen van de morbiditeit. Daarnaast was 
het doel om risicofactoren te identificeren die geassocieerd zijn met schade aan de NAI. In 
totaal werden 268 hoog-risico patiënten met 320 geïmpacteerde verstandskiezen in de 
onderkaak geanalyseerd. De incidentie van NAI letsel, één week na de operatie, was 6,3%. Er 
werden geen significante verschillen tussen de CBCT en OPT gevonden voor de 
uitkomstmaten zenuwschade, kwaliteit van leven en andere complicaties. Een linguale positie 
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van de CM en vernauwing van de CM, waarbij de diameter van het lumen in het  
contactgebied tussen CM en wortels verkleind was, waren prognostisch belangrijke 
risicofactoren voor het optreden van zenuwschade. Geconcludeerd werd dat, hoewel CBCT 
een waardevol diagnostisch hulpmiddel is om een patiënt met verhoogd risico op 
zenuwschade te identificeren, CBCT uiteindelijk niet resulteert in een reductie van 
zenuwschade en andere complicaties na verwijdering van de verstandskies. In deze 
geselecteerde groep patiënten met een verhoogd risico op zenuwschade is het uitvoeren van 
een coronectomie (decapitatie van alleen de kroon en het ‘in situ’ laten van de wortels) 
wellicht een beter alternatief in vergelijking met volledige verwijdering van de verstandskies.
In hoofdstuk 7 werd het focus gelegd op inflammatoire complicaties, bedoeld worden 
ontstekingen die optreden na het verwijdering van de verstandskiezen. In een multicenter 
gerandomiseerde studie werd de effectiviteit van het postoperatieve spoelen van de alveole 
(holte waarin de kies heeft gezeten) met een Monoject©-spuit gevuld met alleen kraanwater 
onderzocht. Daarnaast werden risicofactoren voor het optreden van inflammatoire 
complicaties geïdentificeerd. In totaal werden 333 verstandskiezen van 280 patiënten 
geanalyseerd. Inflammatoire complicaties bleken geassocieerd met een significant slechtere 
uitkomst voor de kwaliteit van leven, alsmede met pijn en beperkte mondopening. Daarnaast 
werden significant meer gemiste dagen van het werk en/of studie gerapporteerd. Het 
vrouwelijk geslacht, leeftijd> 26, verwijderen van bot, dieper in het bot gelegen 
verstandskiezen, minder ervaren operateurs, en een grote hoeveelheid aan beslag in de 
alveole waren significant geassocieerd met een verhoogd risico op inflammatoire 
complicaties na het verwijderen van geïmpacteerde verstandskiezen in de onderkaak. Het 
spoelen van de alveole met een Monoject©-spuit gevuld met kraanwater bleek effectief te 
zijn in het reduceren van genoemde postoperatieve ontstekingen.
Hoofdstuk 8 betreft de algemene discussie. In dit hoofdstuk worden de resultaten van de 
studies uitgevoerd in dit proefschrift in breder perspectief geplaatst, toegespitst op de 
doelstellingen genoemd in het eerste hoofdstuk. Daarnaast worden ideeën voor 
vervolgonderzoek gedestilleerd. 
In hoofdstuk 9 zijn de conclusies uit dit proefschrift samengevoegd tot een folder die 
gemakkelijk gebruikt kan worden in de klinische praktijk met het doel om de kwaliteit van 
zorg voor onze patiënten te verbeteren. Hierin worden schematisch handleidingen gegeven 
met betrekking tot de indicatie, diagnostiek, risicoprofiel en het voorkomen van complicaties 
na het verwijderen verstandskiezen. 
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Dankwoord
Een proefschrift is een échte teamprestatie. Van initiatie tot het laatste moment, de 
verdediging,  zijn er vele mensen direct en indirect bij betrokken geweest. 
Ik wil iedereen bedanken die heeft bijgedragen aan de totstandkoming van dit proefschrift.  
Een eerste dank gaat uit naar de patiënten die hebben geparticipeerd in het onderzoek. 
Zonder hun tijd en bereidwilligheid was dit boek er niet geweest. 
Beste professor Meijer, beste Gert
Voor de scriptie tijdens mijn studie Tandheelkunde had ik zelf een voorstel voor onderzoek 
ingediend. Mijn directe begeleider zag er niet zoveel heil in, maar hij stuurde me voor de 
zekerheid toch nog even langs jou. Dat moment zal me altijd bijblijven: met je armen 
wapperend in de lucht, met mijn voorstel in je hand, je bril op en af in je krullende haar en 
roepend hoe geweldig dit is; ‘Hossein, je gaat hier prijzen mee winnen!’ Ik liep de kamer uit en 
dacht: wie is die man? Jouw enthousiasme en bevlogenheid hebben de basis gelegd voor dit 
proefschrift. Gedurende het traject wist je me altijd te prikkelen, we hebben vele uren samen 
doorgebracht en vooral ook veel gelachen. Je hebt me tot in detail de kunstjes geleerd van het 
maken van een goede (of in jouw woorden een ‘sexy’) presentatie. Zeer veel dank daarvoor!
Beste professor Bergé, beste Stefaan,
Zonder jou was ik geen MKA chirurg geworden en was dit proefschrift dan ook nooit tot 
stand gekomen. In een enerverend gesprek heb je mij het inzicht gegeven om de opleiding tot 
MKA chirurg te volgen. Gemotiveerd ben ik aan de opleiding begonnen en de passie voor het 
vak is met de jaren alleen maar gegroeid. Ik zal je dan ook altijd dankbaar blijven dat je mij 
een duw in de juiste richting hebt gegeven. Je hebt je er hard voor gemaakt en het team 
continue gemotiveerd om zoveel mogelijk patiënten te benaderen voor deelname aan de 
klinische studies, waarin jijzelf  als koploper de meeste patiënten hebt geïncludeerd.  Dank 
voor alles dat je me hebt geleerd, ook op het persoonlijk vlak. Dat je naast een uitmuntende 
chirurg, beste opleider van Nederland, een visionair, musicus ook nog een aardig balletje kan 
trappen  is zeer bewonderingswaardig.  Ik hoop dat we in de toekomst op deze prettige 
manier met elkaar blijven samenwerken. 
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Beste Thomas,
Tijdens mijn studie tandheelkunde had ik je al leren kennen in het Dappenglaasje.  Je nodigde 
me toen uit om mij de  kneepjes van de CBCT te leren.  Het is onwijs gaaf om te zien hoe snel 
jij je ontwikkelt. Hoe jij het 3D lab en technische innovaties in het Radboudumc, in Nederland 
en daarbuiten uitbreidt maar desondanks gewoon jezelf blijft. Altijd toegankelijk, altijd 
vriendelijk en altijd behulpzaam. Heel veel dank voor je begeleiding en bijdrage die je hebt 
geleverd aan de totstandkoming van dit proefschrift. Vele jaren hebben we samen gevoetbald 
waarna onze werkrelatie groeide tot een vriendschap.  Een miniThomas is onderweg, ik kijk 
erg uit naar onze gezinsuitjes :-)
Beste Dirk Mettes,
In 2010 heb ik voor het eerst kennis met je gemaakt en het werd me al snel duidelijk dat ik 
nog veel te leren heb. Jij bent heel belangrijk geweest in mijn wetenschappelijke ontwikkeling. 
Niet alleen je kennis over het uitvoeren van gedegen onderzoek, op waarde schatten van 
wetenschappelijk publicaties maar ook de implementatie van wetenschap naar de klinische 
praktijk zijn bijzonder waardevol. Alle partijen in de mondzorg zouden een voorbeeld aan jou 
mogen nemen. De hoeveelheid (vrije)tijd, energie en passie die je inzet om de kwaliteit in de 
mondzorg te verbeteren. Ondanks alle tegenslagen heb jij met het Kwaliteits Instituut 
Mondzorg (Kimo) je visie staande gehouden om het zo broodnodige richtlijninstituut in de 
mondzorg van de grond te krijgen.  
Hooggeleerde leden van beoordelingscommissie, Prof. dr. N.H.J. Creugers, 
Prof. dr. J.de Lange en prof. dr. S. Listl.
Ik ben u allen zeer erkentelijk voor de tijd die u heeft vrijgemaakt voor het beoordelen
van dit manuscript. 
Beste Casper en Willem,
De onco-broeders. We hebben een perfecte klik samen, zowel op de OK als daarbuiten. Ik 
ben jullie ontzettend dankbaar voor wat jullie mij allemaal geleerd hebben in het afgelopen 
jaar.  Ik heb er veel respect voor hoe jullie als ‘jonge’ hoofdhalschirurgen de oncologische zorg 
in Nijmegen draaiende houden, kwalitatief hoogstaande zorg leveren en jullie kennis en 
kunde goed naar mij over weten te brengen. Het is fijn dat jullie ‘mijn taal’ op OK goed 
verstaan en jaloers zijn op mijn perfecte inter-oculaire afstand. We gaan ongetwijfeld nog een 
lange tijd prettig met elkaar samenwerken. 
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Beste stafleden Nijmegen, 
Beste Rik, dank voor je vriendelijkheid en het vele uren scans beoordelen. Tijdens mijn 
Tandheelkunde studie heb je me de eerste stappen geleerd van het vak en mijn interesse 
aangewakkerd. Beste Martien, veel dank voor de inclusie van de patiënten in het ZBC en 
alle tips and trics die je me hebt geleerd in de orthognatische 3D planningen en operaties. 
Beste Thijs, dank voor je begeleiding tijdens mijn opleiding en nu als opleider van mijn 
fellowship. Beste Wilfred, je hebt hart voor de afdeling en je bent een belangrijke constante 
factor in het team. Dank voor alles dat je me hebt geleerd. Marloes, je bent belangrijk 
geweest voor de start van de Cochrane review en alle uren die je in de bibliotheek door hebt 
moeten brengen voor de ‘handsearching’. Ik ben je dankbaar dat ik hierop verder kon 
voortborduren. Tong, we hebben het grootste deel van de opleiding samen gevolgd en het is 
altijd leuk om het met je over de wereldpolitiek, wetenschap, efficiënte bedrijfsvoering en 
‘poppenkast’ :-) te hebben. 
Beste vakgroepleden Arnhem, Theo, Jeroen, John, Sophie en Marc,
Zes maanden na de start van mijn opleiding was ik al bij jullie. Het was toen nog niet gangbaar 
om vroeg in de opleiding de perifere stage te volgen en spannend hoe het uit zou pakken. Theo, 
als opleider weet jij als geen ander hoe je een veilig leerklimaat moet creëren. Van jullie heb ik 
mijn eerste vaardigheden in de MKA chirurgie geleerd, van een apexresectie (Sophie) tot eerste 
‘kantje’ BSSO (John).  Het is ons wederzijds zo goed bevallen, dat ik bij jullie in de vakgroep ga 
treden! John, ik kijk er naar uit om jouw takenpakket in de oncologie en orthognate chirurgie 
langzaam over te nemen. Dank voor alle moeite die jullie hebben gedaan met deelname in de 
multicenter studies, inclusie van patiënten (Marc) en deelname aan de Cochrane review 
(Theo).  Ik heb niet alleen grote waardering voor het werk dat jullie in Arnhem verrichten, maar 
ook de wijze waarop jullie een grote bijdrage leveren om MKA chirurgie Nederland naar een 
hoger plan te tillen (Theo en Jeroen).  Jullie zijn een fantastisch team en ik kijk er dan ook erg 
naar uit om samen met jullie te werken aan een mooie toekomst. 
Beste (oud)Aios,
Niek,  veel dank voor je zeer waardevolle adviezen en begeleiding in het begin van mijn 
traject. Ik kijk met veel plezier terug naar de squashpotjes en stapavonden. Wim van 
Geel, Jo, Maarten, Anke, Joanneke en Bram: als ouderejaars hebben jullie mij in 
het eerste jaar weggewijs gemaakt in de kliniek. Kariem, dankzij jou probeer ik geen 
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‘schijnbewegingen’ meer te maken. 
Jeroen Dings, tijdens mijn opleiding heb ik het meest met jou opgetrokken en was het 
altijd een feest met jou op de OK en daarbuiten. Dank voor je begeleiding en altijd sterke 
verhalen (al kan ik je soms na je urenlange gepraat met veel gezegdes moeilijk volgen). Je 
hebt je altijd voor de groep ingezet en als koploper in Nijmegen de meeste patiënten voor 
mijn onderzoek geïncludeerd. Dankbaar ben ik dat ik een groot deel van mijn opleiding met 
jou heb mogen volgen. 
Marieke, Stefanie, Tim, Sanneke, Julie, Robert, David, Jan-Willem, Reinoud 
en Jeroen Liebregts: jullie zijn één voor één fantastische collega’s en een gezellig clubje 
bij elkaar. Het is leuk te merken dat ik nu zelf  kan bijdragen aan jullie opleiding. 
Voor het opzetten en uitvoeren van de multicentre studies wil ik graag nog een aantal 
mensen in het bijzonder bedanken. Rinaldo, dank voor de website die je hebt gebouwd: dat 
heeft het onderzoek een heel stuk makkelijker gemaakt en een eerlijk randomisatieproces 
gewaarborgd. Ook veel dank voor de fancy animaties die je hebt gemaakt. Zonder de hulp 
van de onderzoekscoördinatoren op de werkvloer was dit project nooit gelukt:  Hermien 
(Rijnstate) Jessie (Radboudumc) en Joyce (ZBC de tandarts), ik ben jullie zeer dankbaar 
voor al het werk dat jullie hebben verricht met het uitvoeren van de controles en het 
verzamelen van alle vragenlijsten. Het is bijzonder hoe jullie dit naast het drukke werk, 
uitstekend gemanaged hebben. Ton en Wim, veel dank voor het verwerken van immense 
hoeveelheid data en de statistische analyses. Matthijs, Puck en Juliëtte, dank dat ik 
jullie mocht begeleiden met de scripties en het werk dat jullie hebben verricht. 
Beste Eloi,
Veel dank voor alle uren die je besteedt hebt om dit boek te ontwerpen. Ten tijde van het 
schrijven van het dankwoord heb ik de definitieve versie nog niet gezien, maar het ziet er 
nu al prachtig uit!
Medewerkers van de 3D lab,
Het team wordt steeds groter, waardoor ik het soms moeilijk nog kan bijhouden. Jullie zijn 
onmisbaar geworden binnen de afdeling. Luc, Ruud, Frank, Arico, Jene en Timen: dank voor 
het werk dat jullie verrichten en de gezelligheid!
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Lieve dames polikliniek en secretariaat Rijnstate,
Dank voor jullie ondersteuning en vele extra werkzaamheden tijdens het onderzoek. Tijdens 
mijn opleiding was het altijd al erg gezellig met jullie en ik kijk er naar uit om dat in de 
toekomst voort te zetten.
Lieve dames polikliniek en secretariaat Radboudumc,
De laatste periode zie ik jullie niet vaak meer aangezien ik veel op de OK of in het hoofdhals 
centrum ben. Toch is het altijd gezellig als ik jullie tref. Dank voor jullie ondersteuning, ook bij 
het invoerwerk dat gepaard ging met het onderzoek. 
Lieve oncologie ondersteuningsteam: Heidi, Yvonne, Jacqueline, Laura en 
Teuntje, 
Hard werkende dames. Oncologie kan soms emotioneel beladen zijn. Het is dan fijn om bij 
jullie het  hart te kunnen luchten en grappen te kunnen maken. Dank dat jullie er zijn en veel 
problemen ‘tackelen’.
Beste OK assistentes en assistenten MKA/KNO Radboudumc en 
Rijnstate, 
Jullie weten een gezellige sfeer te brengen op de OK en het is een voorrecht om met jullie 
te mogen werken.
Team Friends4Dents Rosmalen,
Vier jaar lang heb ik met heel veel plezier met jullie gewerkt. Myanou, de manier waarop jij je 
praktijken hebt ingericht, heeft me altijd zeer aangetrokken! Met de  grote variatie aan 
werkzaamheden en een leuk team. Dank voor deze geweldige periode!
Dear members of the Cochrane Review group: John, Marloes, Verena, 
Alphons, Marcia, Theo and Dirk,
It was a pleasure to work with you on this very important topic. Although the UK participants 
were not able to join the meetings physically, the discussions through webcam and email were 
very valuable. John, my special gratitude for your substantial contribution to both reviews. 
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Beste leden van de NVMKA,
Ons vakgebied bereidt zich uit, maar het is prettig dat jullie aandacht blijven houden voor 
onderzoek in de dentoalveolaire chirurgie en dat ook willen stimuleren. Als jonge 
onderzoeker geeft het namelijk een belangrijke motivatie als je merkt dat het onderzoek 
gewaardeerd wordt door de beroepsgroep: ‘een onderzoek waar we écht wat aan hebben’ 
werd mij vaak gezegd tijdens de najaarsvergaderingen. Dit proefschrift bewijst maar weer dat 
er nog veel werk te verzetten is om ons grootste patiëntenpopulatie 
(verstandkiesproblematiek) nog beter van dienst te kunnen zijn.
Beste leden HHWG Arnhem/Nijmegen,
Dit proefschrift heeft totaal geen raakvlakken met de oncologie, maar is wel heel belangrijk voor 
onze beroepsgroep. Daarbij is het fantastisch om een onderwerp te hebben met grote aantallen, 
waarmee je je wetenschappelijk goed kunt ontwikkelen. De zorg voor oncologische patiënten 
loopt als een geoliede machine en het is heel fijn om in een omgeving te werken waarin 
aanpalende disciplines zeer goed samenwerken om het beste voor de patiënt te bereiken.  
Beste studiegenoten Tandheelkunde, Ward, Mart, Gijs, Victor, Miep, 
Anke, Tim, Bob, Renske, Anne en iedereen die zich in dit lijstje herkent.
Wat een leuke studietijd hebben we gehad, met legendarische reizen (Rhodos, Kopenhagen, 
Rome) stapavonden en gezellig eten. Sommige van jullie zie ik helaas (bijna) niet meer, zo 
gaat dat eenmaal als je allemaal gesetteld en druk bent. Ik hoop dat het boekje van pas gaat 
komen voor jullie werkzaamheden in de praktijk. 
Egbert, Guus, Sebastiaan en aanhang,
Eg, we begonnen samen aan de studie geneeskunde na de studie tandheelkunde en 
vanzelfsprekend trek je dan veel samen op. Met de co-schappen kwamen we in de co-groep bij 
Guus en Sebastiaan, en de rest is geschiedenis. Dank voor jullie vriendschap en het feesten op 
z’n hossies. De etentjes waren eerst met z’n achten, binnen 2 jaar is ons gezelschap al 
uitgebreid met 6 kinderen erbij en binnenkort nog naar 8 kids. De oudjaarsavonden zijn altijd 
gezellig en ik kijk er naar uit dat we binnenkort  met de hele club gaan skiën. 
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Lieve Schoonouders,
Allereerst dank dat jullie zo’n getalenteerde knappe dochter ter wereld hebben gebracht. 
Daarnaast veel dank voor jullie steun en gezelligheid in de afgelopen tijd. In ons soms drukke 
leven is het een fijn gevoel te weten dat Kian altijd bij jullie terecht kan en dat hij dat ook met 
veel plezier doet. Dank!
Lieve Morteza, mijn paranimf,
Sinds de basisschool ken ik je al en wat hebben we ontzettend veel samen meegemaakt. Als 
broers zijn we door het leven gegaan met veel ups maar ook downs. Het is leuk dat we 
hetzelfde pad aan het bewandelen zijn in ons carrière (al blijft plastisch chirurgie natuurlijk 
mineur;) Dat ik de avond voor een internationale microchirurgie cursus met 16 deelnemers 
erachter kwam dat jij dezelfde cursus ging doen kan geen toeval zijn geweest.  Dank dat je 
van kinds af aan m’n maatje bent, huisgenoot, (letterlijk) sparring-partner en voor je 
begeleiding bij het schrijven van mijn allereerste artikel. Er is een andere tijd aangebroken 
met een gezin, maar ik hoop dat we ook in de toekomst kunnen genieten van het samen 
sporten, schaken en reizen. Twee jaar geleden was ik jouw paranimf, now its your turn!
Lieve Robbie,  mijn paranimf,
Vijftien jaar geleden leerde ik je kennen bij de introductie Tandheelkunde. We hadden meteen 
een klik en dat is altijd gebleven. Een mooie periode met veel lol, voetballen, stappen. Je was 
er altijd bij.  Je hebt me in moeilijke tijden gesteund en ik kan je altijd in vertrouwen nemen. Ik 
ben blij dat ik ook nu, tijdens de verdediging van mijn proefschrift, op jouw steun kan 
rekenen. Wat is het fijn dat je tijdens de studie Anneke hebt leren kennen! De skireis met z’n 
viertjes en de mooie weekenden met het gezin in Maastricht zijn heerlijk. We gaan 
ongetwijfeld nog veel mooie momenten samen beleven. 
Lieve zussen, Somajeh en Safoura,
Wat ben ik blij dat ik jullie heb! Jullie maatschappelijke betrokkenheid, liefde voor de ander 
geeft me een inzicht waar onze ‘wortels’ liggen. Som, ik ervaar veel geluk als ik bij jullie ben 
met m’n lieve neefjes Ido en Micha. Ik heb veel bewondering hoe jij je (journalistieke) 
talenten gebruikt om mensen de kansen te bieden die wij ook hebben gekregen. Saf, ik ben er 
al achter dat wetenschappelijk onderzoek in de sociologie écht veel lastiger is dan in de 
geneeskunde! Ik kijk uit naar jouw promotie in de komende jaren. We delen veel interesses en 
ik ben dankbaar dat je mijn zusje bent waarmee ik heerlijk kan kletsen.
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Lieve Kian, mijn zoon,
Wat heb jij veel plezier gebracht in mijn leven. Lekker knuffelen, voetballen en met de auto’s 
spelen. Het is een onbeschrijfelijk gevoel als je me ’s ochtends voordat ik weg ga ‘sussess 
baba’ wenst, terwijl ik sterk de indruk heb dat je nog niet weet wat dat betekent.  Je bent het 
mooiste wat mij is overkomen. Ik hou van je!
Lieve Michelle, mijn vrouw,
De laatste woorden in dit proefschrift zijn voor jou. Jij hebt het grootste aandeel gehad in de 
realisatie ervan: van aanvraag ethische commissie tot de fraaie illustraties die je hebt 
gemaakt voor mijn artikelen. Maar belangrijker nog is dat je me vaak hebt moeten ‘inleveren’ 
om tot dit  resultaat te komen. Je bent mijn ideale levenspartner en ik geniet ervan om elke 
dag met jou te zijn. Dank voor al je steun en liefde, elke dag weer. Ik hou zielsveel van je! Een 
mooi leven is ons voorbestemd en ik kijk er naar uit om dat samen met jou te beleven. 
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